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1,0 Intro^MPtion to MCS-48™ 

Recent advances in NMOS teehnOtegy 

have allowed Intel for the finst time to place 
enough capability on a single silicon die to 
create a true single-chip microcomputer 
containing all the functions required in a 
digital processing system. A set of suc^i 
microcomputers on single chips, their 
variations, and optional peripherals are 
collectively called the MCS-48 micro- 
computer family. These products are fully 
di^scribed In this manual. 

The head of the family is the 8048 

microcomputer which contains the follQ««jig 
functions in a single 40 pin package: 

8-Bit CPU 

IK X 8 ROM Program Memory ' • ' " 
; 64 X 8 RAM Da^ Memo^ "'^ ' * 

27 I/O Lines ' " ' ' ' ' 
8-Bit Timer/Event Counter 

A 2.5 or 5.0 microsecond cycle tfme and a 
repertoire of over 90 instructions, each 
consisting of either one or two cycles, 
makes the single chip 804& ttiie equal in 
performance of most presently available 
multi-chip NMOS microprocessors. The 
8048 is, however, a true "low-cost" 



fnlcrbcomputer. A single 5V supply re- 
quirement for all MCS-48 components 
assures that "low cost" also applies to 
the power supply In your system. 

New Family Members ' ' ' ' 

The MCS-48 family of microcomputers 
which began with the 8048 and 8748 has 
now been expanded with new members 
which provide either rfipre capability or 
lower cost than the original family mem- 
bers. While broadening the applications 
possible with a single chip microcomputer, 
these new microcomputers share both the 
instruction set and development support of 
the 8048. 

The 8049 is a single-chip microcomputer 

which is completely interchangeable with 
the 8048, but contains twice the program 
memory and twice the data memory of the 
8048. : 

?w.'>!ii?j3., -; - , ,;.nr ci"' I '■ -. r 

The 8022 is an 8021-based microcomputer 
with additional memory, I/O, and an AID 
converter. y^.f^r- ■> < a . 

The 8021 is a new very low cost MGS-48 
family member which contains a subset of 
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the 8048's instruction set and incorporates 
several new features critical In loyy.Qpjit 
applications. ^ i ; 

Even with low component costs, however, a 
project may be jeopardized by high develop- 
ment and rewoFl< costs- resulting from an 
inflexible production design. Intel has solved 
this problem by creating two pin-compatible 
versions of the 8048 microcomputer: 4lie 
8048 with mask Programmable ROM pro- 
gram memory for low cost production and 
the 8748 with user programmable and 
erasable EPROM program memory for 
prototype development. The 8748 is essen- 
tially a single chip microcomputer "bread- 
board" which can be modified over and over 
again during development and pre-produc- 
tion then replaced by the low cost 8021*. 
8048, or 8049 ROM for v6iurti6 prbducf^; 
The 8748 provides a very easy transition 
from development to proouction and also 
provides an easy vehicle fortemporaryfield 
updates while new ROMs are being made. 

SPECIAL FEATURES 

• SINGLE 5V SUPPLY 

• 40 PIN DIP OR 28 PIN DIP 

• PIN COMPATIBLE ROM AND EPROM , 

• 2.5, 5.0 AND 10.0 jusec CYCLE VERSIONS 

• ALL INSTRUCTIO#tS 1,OR 2 CYCLES 

• SINGLE STEP 

• 8 LE^L STACK 

• 2 WORKING REGISTER BANKS 

• LC, XTAL, OR EXTERNAL 

> n^ioeBwc^r. SOURCE ^ 

• OPTIONAL CLOCK OUTPUT 

• POWER DOWN STANDBY MODE 



To allow the MCS-48 to solve a wid.e.range . 
Qf protolBTTis and to provide ^ for future 
expansi<?n, all 8048 and 8049 functions 
have been made externally expandable 
using either special expanders or standard 
memories and peripherals. An efficient low 
dostKmeaiis @f tA3 expansion is provided by 
either the 8243 I/O Expander or standard 
TTL or CMOS circuits. The 8243 provides 
16 I/O lines in a 24 pin package. For sys- 
tem s with larg e I/O requirements, multiple 
8243s can be used. 

'The 8021 Is code compatible but 



For such applications as Keyboards, Dis- 
alliys, ^^rial communication lines, etc. 
'MnllAiW MOS-80/85 peripheral circuits 
may be added. Program and data memory 
may be expanded using standard memories 
or the 8355 and 8155 memories that also 
include programmable I/O lines and timing 
functions. ' 

For applications which require a more 
custom tailored interface, the 8041 or 8741 
Universal Peripheral Interface (UPi-41) 
devices can be used^ The UPI-41 devices 
are available in both ROM and EPROM 
versions and are essentially slave versions 
of the 8048/8748 which are designed to 
interface directly with expandable MCS-48 
processors and provide flexible intelligent 
I/O capability. The 8041/8741 share the 
instruction set of the MCS-48 family of 
processors. ? '. ■ 

The 8035 and 8039 are an 8048 or 8049 
respectively without internal program 
memory that allows the user to match his 
program memory requirements exactly by 
using a wide variety of external 
memories. The 8035 and 8039 allow the 
user to select a minimum cost system no 
matter what his program memory re- 
quirements. The 8035L is an 8035 with the 
powerdown mode of the 8048. 

The MCS-48 processors are designed to be 
efficient control processors as well as 
arithmetic processors. They provide an 
instruction set which allows the User to 
directly set and reset individual lines within 
its I/O ports as well as test individual bits 
within the accumulator. A large variety of 
|3ranch and table look-up instructions 
make these processors very efficient in 
implementing standard logic functions. 
Also, special attention has been given to 
code efficiency. Over 70% of the instruc- 
tions are a singje byte long and all others 
are only two bytes long. This means nmany 
functions requiring 1.5K to 2.0K bytes in 
other computers may very well be com- 
pressed into the IK words resident in the 
8048 or up to 3K to 4K equivalent bytes may 
be compressed Into the 8049., - 
not pin compatible with the 8748. 
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FUNCTION 



PART 
NUMBER 



DESCRIPTION 



COMMENTS 



Microcomputers 



8021 

8022- 
8048 

8035 

8035L 

8049 

8039 

8748-8 

8035-8 

8748-6 



1K ROM Program Memory 1 
2K «OM Proarem M«nory wBlv^D-; 



IK ROM Program Memory 
No Program Memory 64 x 8 RAM 
8035 with Power Down Mode 

2K ROM Program Memory 

No Program Memory 128x8 RAM 

1K EPROM Program Memory 

No Program Memory 

1K EPROM 0°C -55°C. 6 MHz 



2.S fisec Cycle 



> 1 36 ;isec Cycle 
I 5.p |.a«c Cycle 



Compatible versions of the 
«jnsle chip microcomputers pro- 
vide mask programmed, light 
erasable, or no Internal program 
n^mory. 



Memory and I/O 
Expanders 



8355 2Kx 8 ROM with 16 I/O Lines 

8755A 2K X 8 EPROM with 16 I/O Lines 

8155/56 256 X 8 RAM with 22 I/O Lines and Timer 

8185 IK X 8 RAM 



Compatible devices allow direct 
expansion of MCS-48 functions 
with no additional external com- 
ponents. 



I/O Expander 



8243 



16 Line I/O spftder 



Uiw cott I/O expander. 



Standard ROMs 



2308 
231 6E 
2332 



1Kx8 450 ns 
2Kx8 450 ns 
4Kx8 450 ns 



Allows low cost external expan- 
sion of Program Memory. Each 
ROM is interchangeable with an 
EPROM; 



Standard EPROMs 



2708 
2716 
2732 



1 K x 8 450 ns Light Erasable 
2Kx8 450 ns Light Erasable 
4K X 8 450 ns Light Erasable 



User programmable and eras- 
able. 



Standard RAMs 



2111A-4 
2101 A-4J 



256 x4 

.356 x4 



450 ns Common I/O 
450 ns Separate I/O 



C^ta memory can be easily ex- 
panded using standard NMOS 
NaMs. 



Standard I/O 



8212 

8255A 
8251 A 
8273 



8-Blt I/O Port 



Programmable Peripheral Interface 



Programmable Communication Interface " 



Programmable HDLC/SDLC Controller 



Serves as Address Latch or I/O 
port. 

Three 8-bit programmable I/O 
ports. 

' "Sierial Communications Receiv- 
erTTransmitters. 



Standard Peripherals 



8205 
8214 
8216 
8226 
8253 
8279/78 

8291 

8294^ 

8295 



1-of-8 Binary Decoder 
Priority Interrupt Controller 
Bidirectional Bus Driver 
Bidirectional Bus Driver (Inverting) 
Programmable Interval Timer 
Programmable Keyboard/Display Interface 

(64 Keys/128 Keys) 
GPIB Tali<er/Ustener 
Data Encryption Unit 
Dot Matrix Printer Controller 



MCS-80 peripheral devices are 
compatible with the MCS-48, al- 
lowing easy addition of such 
specialized interfaces as the 
8279 Keyboard/Display Interface. 
Future MCS-80/85 devices will 
also be compatible. 



Universal Peripheral 
Interface 



8041A 
8741 A 



ROM Program Memory 
EPROM Program Memory 



User programmable to perform 
any custom I/O and control func- 
tions. 
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(28) 



2K 3K 
PROGRAM MEMORY (ROM) 



( ) NUMBER OF AVAILABLE 
I/O LINES 



THE EXPANDED MCS-48"' SYSTEM 



the chart above shows the expansion 
possibilities using the 8048 and 8049 in 
various combinations with tho Intel® 8355/ 
8755 Program Memory and I/O Expancier 
and the 8155 Data Memory and I/O 
Expander. Data Memory can be expanded 
beyond the resident words in blocks of 256 



by adding 8155's. Program Memory can be 
expanded beyond the resident IK or 2K in 
blocks of 2K by using the 8355/8755 in com- 
binatiqri \iy^tMi^e §^i3i;80<^.Jf all external 
memory is desired, the 8035 or 8039 can be 
substituted for the 8048 and 8049. 
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tit'^he Rinetion of a Computer ' <vi 

This chapter introduces certain baslctbiri- 
puter concepts. It provides bacl<ground 
information and definitions which wiii be 
useful in later chapters of this manual. Those 
already familiar with computers may skip this 
rnaterial, at ithfjii;.. option. , . , rj, - 

1.1.1 A Typical Computer System 

A itypical digital computer consists of: 

A central processor unit (CPU) '; ' 

Program Memory 
Data Memory 
Input/output (I/O) ports 

The processor memory iierves as a place.tp 
store Instructions, the coded pieces of 
information that direct the activities of the 
CPU, while Memory stores the Data, the 
coded pieces of information that are 
processed by the CPU. A group of logically 
filiated instructions stored 1n fneniory is 
rdfferred to as a Program. The CPU "reads" 
each instruction from memory in a logically 
determined sequence, and uses it to initiate 
processing actions. If the program sequence 
is coherent and logical, processing the 
program will produce intelligible and useful 
results. The program must be organized such 
that the CPU ab^Sfibi rdatf a HbH4nst?a6t!i#i 
word when it expects to see an instruction. 

The CPU can rapidly access any data stored 
<n ftremory; but often the memory is net large 
enough to store the entire data banl< required 
for a particular application. The problem can 
be resolved by providing the computer ^HMn 
one or more Input Ports. The CPU can 
address these ports and input the data 
contained there. The addition of input ports 
enables the computer to receive information 
from external equipment (such as a paper 
tape reader or floppy disl<) at high rate$ of 
speed and in large volumes, 

A computer also requires one or more Output 
Ports that permit the CPU to communicate 
the result of its processing to the outside 
world. The output may go to a display, for use 
by a human operator, to a peripheral device 
that produces "hard-copy", such as a Ime- 



prifiter; tatiai ipei^^^hdral storage devicBi ' auch; 
as a floppy disk unit, or the output may 
constitute process control signals that direct 
the operations of another system, such as an 
automated assembly line. Like input ports, 

output ports together permit the processorto 
COjnnriunicate with the outside world. 

The CPU unities the systehi. It controls ttie 
functions performed by the other compon- 
ents. The CPU must be able to fetch 
frtst^uetlofis from' tnemoryi decode "flwip 
binary contents and execute them. It must 
also be able to reference memory and I/O 
ports as necessary in the execution of 
instructions. In addition, the CPU should be 
able to recognize and respond to certain 
external control signals, such as INTER- 
RUPT requests. The functional units within £| 
dRU that enable it to peritormthesefun^bna 
are described below. 

1.1.2 The Architecture of a CPU 

A typical central processor unit (CPU) 
consists of the following interconnected 
functional uni^j „j gr,,?n,oq) tn&^vj-; ev- 
Registers 

Arithmetic/Logic Unit (ALU) 
Control CircMj|Ey;g,^ . ^1,^ ,: 

Registers are teinpotiary storage units within 
the CPU. So^ne registers, such as the 
program counter and instruction register, 
have dedicated uses. Other registers, such as 
iftap aceurtiulafer, are tor more general 
p^rp@®6!use. 

Accumulator 

The accumulator usually stores one of the 
operands to be manipulated by the ALU. A 
typical instruction might direct the ALU to 
add the contents of some other register to the 
contents of the accumulator and store the 
result in the accumulator itself. In general, 
the accumulator is both a source (operand) 
and a destination (result) register. Often a 
CPU will include a number of additional 
general purpose registers that can be used to 
store operands or intermediate data. The 
availability of general purpose registers 
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eliminates the need to "shuffl^' jotermediate 
r^ultsiapck and forth between memory and 
tl«9liw^QfHfi!fM{nitliU^ improv/Ing processing 
speed and efficiency. 

Program Counter;(plum|»^Sitbr9iiHiie8«icl 
the Stack): 

The instructions that make up a program are 
^areiribMir#»i8ystenf)'s memQH<)^nThe<@en(ral 
processor references the contents of mem- 
ory in order to determine what action is 
appropriate. This means that the processor 
mu^ know ^which. location contains tjie next 
imttii*jik>rt:o ir-r- - ^ ♦ , . , . . , 

Each of the locations in memory is 
numbered, to distinguish it from all other 
IbcatiohS in' memory. The 'nEf'mber which 
identifies a memory location is called its 
Address. The processor maintains a counter 
^ii^^^mm^m- address of the next 
program instruction. This register is called 
the Program Counter. The processor up- 
dates the program counter by adding "1" to 
the counter each time it fetches an 
ini!fii^8SJ?^''tfraiif the program counter is 
always current (pointing to the next instruct 
tion). 

The programMbhAfereffore'^arfes'rtWfHHtnirc- 
tions in numerically adjacent addresses, so 
that the lower addresses contain the first 
instruQtionsJO be executed tticptdgher 
addresses contain later instructions. The 
only time the programmer may violate this 
sequential rule is when an Instruction in one 
section of memory is a Jump instruction to 
another section of memory. 

A jump instruction contains the address of 
the instruction whicti is to follow it. The next 
instruction may^M'^fbr^^ift'^fly ^rn^8P^ 
location, as long as the programmed jump 
specifies the correct address. During the 
execution of a jump ihstrtifetion, the proces- 
sor replaces the conteht^ of fte program 
cdOnfeH Wifr the address &^n^M^ t¥(e' 
Jump. Thus, the logical dSnM^^, fe"! 
program is maintained. 

A special kind of program jump occurs when 
th€^le«^^««^jtiim "Call§" a ^broifTine. In 



this kind of jump, the processor is reKfjlredto 
"remember", ^he contents of the program 
counter at the time that the jump occurs. This 
enables the processor to resume execution 
of the main program when it is finished with 
tfi^|i»^ jnistruction of the subiputine. 

A Subroutine is a program within a proefrsini. 
Usually it is a general-purpose set of 
instructions that must be executed repeat- 
edly in the course of a main program. 
Routines vyhjch calculate^.the square, the 
sine, or th^ logarfthm of a program variable 
are good examples of functions often written 
as subroutines. Other examples might be 
programs designed for inputting data to a 
particular peripheral device. 

The processor has a special way of handling 
subroutines, in order to insure an orderly 
return to the main program. When the 
processor receives a Call instruction, it 
increments the Program Counter anc|^ores 
the counter's contents in preserved memory 
area known as the Stack. The Stack thus 
saves the address of the instruction to be 
executed after the subroutine is completed. 
Then -Vm processor loads the address 
specified in the Call into its Program Counter. 
The next instruction fetched will therefore be 
tl^e? first step of the subroutine. 

The last instruction in any subroutine is a 
Return. Such an instruction needspecify no 
addffess; >Whm the processor fetches a 
Return instruction, it simply replaces the 
current contents of the Program Counter 
with the address on the top of the stack. This 
causes the processor to resume execution of 
the cafHShgtpnagram at the (joint immediately 
Josllojianf the orlginali ,Galt instruetta«ii.i . 

Subroutines are often Nested; that is, one 
subroutine will sometimes call a second 
subroutine. The second may call a third, and 
so on. This is pertectly acceptable, as long as 
lh@r processor has enough oajliaeJty to Store 
the necessary return addresses, and the 
logical provision for doing so. In other words, 
the maximum depth of nesting is determined 
by the depth of the stack itself. If the stack has 
spdb^fer storing three return aefdx^ses, then 
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three levels of subroutines may be ac- 
commodated. 

Instruction Register and Decoder 

Every computer has a Word Length that is 
characteristic of that machine. A computer's 
word length is usually determined by the size 
of its internal storage elements and intercon- 
necting paths (referred to as Buses); for 
example, a computer whose registers and 
buses can store and transfer 8-bits of 
information has a characteristic word length 
of 8-bits and is referred to as an 8-bit parallel 
processor. An 8-bit parallel processor gener- 
ally finds it most efficient to deal with 8-bit 
binary fields, and the memory associated 
with such a processor is therefore organized 
to store 8-bits in each addressable memory 
location. Data and instructions are stored in 
memory as 8-bit binary numbers, or as 
numbers that are integral multiples of 8-bits: 
16-bits, 24-bits, and so on. This characteristic 
8-bit field is often referred to as a Byte. If 
however, efficient handling of 4 or even 1-bit 
data is necessary special processor instruc- 
tions can provide this capability. 

Each operation that the processor can 
perform is identified by a unique byte of data 
known as an Instruction Code or Operation 
Code. An 8-blt word used as an instruction 
code can distinguish between 256 alternative 
actions, more than adequate for most 
processors. 

The processor fetches an instruction in two 
distinct operations. First, the processor 
transmits the address in its Program Counter 
to the program memory. Then the program 
memory returns the addressed byte to the 
processor. The CPU stores this Instruction 
byte in a register known as the Instruction 
Register, and uses it to direct activities during 
the remainder of the instruction execution. 

The 8-bits stored in the instruction register 
osntr be deeoded and used to selectively 
activateoneofanumber of output lines. Each 
line represents a set of activities associated 
with execution of a particular instruction 
code, Theenabied line can be cQmbjned with 
selected timing pulses, to devetop,d|actRieal 



signals that can then be used to initiate 
specific actions. This translation of code into 
action is perforr#«# by ttfe-'lhStf'tjcten 
Decoder and by the associated control 
circuitry. 

An 8-bit instruction Code is often sufficient to 

specify a particular processing action. There 
are times, however, when execution of the 
TnsSftjction requires more information than 8- 
bits can convey. 

One example of this is when the instruction 
refereric^s'a tirfeWfory locatidn. The basic 
instruction code Identifies the operation to be 
performed, but cannot specify the object 
address as well. In a case like this, a two byte 
instruction must be used. Successive instruc- 
tion bytes are stored in sequentially adjacent 
memory locations, and the processor per- 
forms two fetches in succession to obtain the 
full instruction. The first byte retrieved from 
memory is placed in the processor's instruc- 
tion register, and subsequent byte is placed 
in temporary storage; the processpi:' ffteri 
proceeds with the execution phase. 

Address Register(s) 

A CPU may use a register to hold the address 
of a mennoiy location that is to be accessed 

for data. If the address register is Program- 
mable, (i.e., if there are instructions that allow 
the programmer to alter the contents of the 
register) the, program can "build'' an address 
in the address register prior to executing a 
Memory Reference instruction (i.e., an 
instruction that reads data from memory, 
writes data to memory or operates on data 
stored in memory). , •• i}-,,--. 

Arithmetic/Logic Unit (ALU) 

All processors contain an arithmetic/logic 
unit, which is often referred to simply as the 
ALU. The ALU, as its name implies, is that 
portion of the CPU hardware which performs 
the arithmetic \0C9\jap^Siti'^^ ^$hp 
binary data. 

The ALU must contain an Adder which is 
capable of combining the contents of two 
registers in accordance with the logic of 
biedrvperithmetiGjffhis prOvi^on pemiitsrtbd 
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processor to perform arithrneti.Qt na^pu^ 
lations on the data it obtains from memory 
and from its other inputs. 

Lf^ing only the basic adder a capable 
programmer can write routines which will 
subtract, multiply and divide, giving, the 
machine complete arithmetic j{<|ig£^iUties. 
In practice, however, most /M^-Uferprovide 
ottifr^ built-in functions, includ^r|g^,i^olean 
logic operations, and shift capalDtlities. 

The ALU contains Flag Bits which specify 
certain conditions that arise in the course of 
arithmetic and Ipgical manipulations. K is 

possible to program jumps which are 
conditionally dependent on the status of one 
or more flags. Thus, for example, the 
program may be designecj^tp Jurjip. to a 
special routine if the carry- bit 'te.setfotlovvM^g 
an addition instruction. 

The control circuitry Is the primary functional 
unit within a CPU. Using clock inputs, the 
conM ^redftfy^fhaintair^s tfte p^djSfer- 
quence of events required f^r f^^^9§f§\9S 
task. After an instruction is Tetcliea ana 
decoded, the control circuitry Issues the 
appropriate signals (to units both internal 
and^estt^niili^illfe CPl!l«^'fcii»'1hMafit<^'tH@ 
proper processing action. Often the control 
circuitry will be capable of responding to 
external signals, such as an interrupt. An 
Interrupt request will cause the control 
ciFcuinf tcf^fetfipefariiy tM!#ffO^ maw pf^ 
gram execution, jump to a sp(3cial routine to 
service the interrupting device, then auto- 
matieally return to the main'' »p#dgr&fTi. 

1.1.3 ComputiH^^riitions ^ ' ' ' ^ 

There are certain operations that are basic to 
almost any computer. A sound understand- 
ing of these basic operations is a necessary 
prerequisite to examining the specific 
operations of a particular computer. 

Timing 

The activities of the central processor are 
cyclical. The processor fetches an Instruc- 
tion, performs the operations required, 



fetches the next instruction, and so on. This 

orderly sequence of events requires precise 
timing, and the CPU therefore requires a free 
running oscillator clock whSsff fui^lSihes the 
reference for a|l processor actions. The 
combined fetch and execution of a single 
instruction is referred to as an Instruction 
Cycle. The portion of a cycle identified with a 
clearly defined activity is called a State. And 
the interval between pulses of the timing 
oscillator is referred to as a Clock Period. As 
a general rule, one or more clock periods are 
necessary for the completion of a state, and 
there are several states in a cycle. 

Instruction Fetch " 

The first state(s) of any instruction cycle will 
be dedicated to fetching the n^xtinstruction. 
The CPU issues a read isigrial| and the 
contents of the program countef.are sent to 
program memory, which responds by 
returning the next instruction word. The first 
byte of the instruction is placed in the 
instruction register. If the instruction con- 
sists of more than one byte, additional states 
are required to fetch the second byte of the 
instruction. When the entire instruction is 
pisesent in the CPU, the program counter is 
inct^ented (in preparation for the next 
instruction fetch) and the instruction is 
decoded. The operation specified in the 
instruction will be executed in the remaining 
states of the instruction cycle. The instruc- 
tion may call for a data memory read orwrite, 
an input or output and/or an internal CPU 
operation, such as a register-to-register 
transfer or an add operation. 

Mi^mdry Read 

An instruction fetch is merely a special 
program memory read operation that brings 
the instruction to the CPU's instruction 
register. The instruction fetched may then 
call for data to be read from data memory 
into the CPU. The CPU again issues a read 
signal and sends the proper memory 
dddrtess; nhemory responds by reriirnihg the 
requested word. The data received is placed 
in the accumulator or one of the other 
general purpose rasters (not the instruc- 
tion register).' 
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Memory Write 

A memory write operation is similar to a read 
except for the direction of tdatS.xltowerThiiS 

CPU issues a write signal, sends the proper 
memory address, then sends the data word 
to be written iritQlli^ddre^s^ data m^ol[y 

location. ~ r"- 

Input/Output 

\f^iA and Output operations are similar to 
memory read and write operEitions with the 
exception that an I/O port is addressed 
instead of a memory location. The CPU 
issu€Ss the appropriate input or output 
control signal, sends the proper address and 
either receives the data being input or sends 
the data to be output. 

Data can be input/output in either parallel or 
serial form. All data within a digital computer 
i$ represented in binary coded form. A binary 
data word consists of a group of bits; each bit 
is either a one or a zero. Parallel I/O consists 
of transferring all bits in the word at the same 
time, one bit per line. Serial I/O consists of 
transferring one bit at a time on a single line. 
Naturally seHal I/O is much slower;''t)ut it 
requires considerable less hardwaiie than 
does parallel I/O. ' 

Interrupts 

IWCTiiap!tf|>BEWisibnsl'as'e iwefudedbonrltrsw^ 
central processors, as a means of improving 
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the processor's efficiency. Consider the case 
of a computer that is processing a large 
voliJWi^'^Bf data, portions of which "are to tie 
output: to a printer. The CPU can output a 
byte of data within a single machi ne cycle but 
it may take the printer the equivalent of many 
machine cycles to actually print the char- 
acter speeiiiec^ by the data' byt6: "Fhe CPU 
could then remain idle waiting until the 
printer can accept the next data byte. If an 
interrupt capability is implemented on the 
computer, the CPU can output a data byte 
thm nettiph-'to dit&'TSwocessing. When the 
printer is ready to accept the next data byte, it 
can request an interrupt. When the CPU 
acknowledges' the > interrupt, it suspends 
main program executron and automatically 
branches to a routine that will output the next 
data byte. After the byte is output, the CPU 
continues with main program execution. 
M^tethatthis is, in principle, quite similarto a 
subroutine call, except tfwtotfeeji}atTjp]is 
initiated externally rather than.fTt^^iithe 

PFpg^fiV,,,... -c.'--- '. .-. 

More complex interrupt structures are 
possible, in which several interrupting 
devices share the same processor but have 
different priority levels. Interruptive proces- 
sing is an important feature that enables 
Waximum utilization of a processor's capa- 
City for mghiv|^m||jf^ 

\. ■ " " ' " 

iOEqmoo taonn 
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1.2 Programming a Microcomputer 

1.2.1 Machine Language Programming 

A microprocessor is instructed what to do by 
programming it wttli aiseries of instructions 
stored in Program Memory. TWe processor 
fetches these instructions one at a time and 
performs the operation indicated. These 
netrMiionsHmi^t be stored m a form thai ttie 
processor can understand. This format is 
referred to as Machine Language. For most 
microprocessors this instruction is a group 
of 8 binary pits (1's and O's) called a word 
i^lsib'(^ll«ldia'byte if the word is'&'bits). 'Some 
instructions require more than one location 
in Program Memory. To execute a multi-byte 
instruction, the processor must execute 
ntultipJe ietahes of prograiin memory before 
pgMbiwihg' the 'instructiori; Betsause multf- 
byte Instructions take more Program Mem- 
ory and take longer to execute than single 
byte instructions their uCTis £fsoally •teept td a 
minimum. 

A processor may be programmed by 
writing a sequence of instructions in the 
binary code (ones and zeros) which the 
machine can interpret directly. This is 
machine language programming and it is 
very useful where the program to be written 
is small and the application requires that 
the designer have an intimsite knowledge of 
the microprocessor. Machine language pro- 
gramming allows the user, because of his 
detailed knowledge, to use many program- 
ming "tricks" to produce the most compact 
and efficient code possible. 

The following is an example of a machine 
language program: This program reads 5 
sequential 8-bit words in from an I/O port 
and stores them sequentially in data 
mernory. The program starts by initializing 
two registers, one which determines where 
the data is to be stored and another which 



counts the number of words to fee stored. 

When finished the processor continues on 
to the next instructions. 



Step 
Number 



Machine 
Code 



Explanation 




1 

2 
3 

4. 



7 
8 



9 
10 



1011 1000 

0010 0000 

1011 1010 
0000 0101 

OOOO 1001 
1010 0000 



0001 1000 

,11,101010 
0000 0100 



Load decimal 32 In 

register RO 

Load decimal 5 in 
regj,9ter BZ 

LQ{;d Port 1 to accu- 
mulator 

Transfer contents of 
accumulator to reg- 
ister addressed by 

register 

Increment RO by 1 

Decrement register 2 

by 1, if result is zero 
continue to step 9, if 
not go to step 4 



As you can see, writing machine instruc- 
tions m ones and zeros can be very 
laborious and subject to error. It.is almost 
always more efficient to represent each 
8-bits of machine language code in a 
shorthand format called Hexadecimal. 
The t. term <he;iM^CHnal results from the 
character set Uped in :l^xadecimal notation. 
Hexadecimal is merely an extension of the 
normal decimal numbers by the addition of 
the first six letters of the alphabet. This 
gives atqtdl of 16 differerit characters. Each 
hexadecimal "digit" can represent 16 
values or the equivalent of four binary bits; 
therefore, each 8-bit machine language 
word can be represented by 2 hexadecimal 
(hex for short) digits. The correspondence 
among the decimal, binary, and hex 
number systems is given below: 
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. .^Decimal M/^ ) 




Binary 


J 





n 

u 


uuuu 


'' '- 


1 


1 






2 


o 
d. 


UU 1 U 




O 


o 
o 


UU 1 1 




A 

4 


A 


U 1 UU 







(t ■ 
D 


U 1 U 1 


5 


5 


0110 






7 

/ 


U 1 1 1 






' ; ' . p. ^. 
o 


1 uuu 




Q 

y 


Q 

y 


1 UU I 




1 U 


A 

A 


1 Ui U 






. B 


1011 , 




12 


" c 


1100 




13 


D 


1101 




14 


E 


1110 






- F 




._ ,■ f ■'■ 



Our machine language program then 



Step 


Hex Code 





B8 


1 


20 


- 2. 


BA 


- ,.3 ->i 




4 


09 


5 


FO 




OD 


7 


EA 


8 


04' 



This coding is now quite efficient to write 
and read and coding errors are much easier 
to detect. Hex coding is usually very 
efficient for small programs (afew hundred 
lines of code). However, it does have two 
major lirtHtajions, in largefjprograras; - 

1. Hex coding is not self-documenting, that 
is, the code itself does not give any indication 
in human terms of the 6p§fiatiori 'fd 'be 

performed. The user must learn each code or 
constantly use a Program Reference Card to 
cpovfrt:- - - . - -.. 

2. Hex coding is absolute, that is, the 
program will work only when stored in a 
specific location in program memory. This is 
Isecause the. brgnctT. or jump instructions in 
the program reference specific addresses 
elsewhere in the program. In the example 
above stef?s 7j ?h?l, 8 reference step (or 
address) 4. If tlie progi'arri were to be moved. 



^ep 8 would have to be changed to refer to 
the new address of step 4. 

1.2.2 Assembly Language Programming 

Assembly language overcomes the dl's- 
advantages of machine language by allowing 
the use of alphanumeric symbols to repre- 
sent machine operation codes, branch 
addresses, and other operands. For example, 
the instruction to increment the contents of 
register becomes INC RO instead of the hex 
18, gisxing the user at a glance the meaning of 
the instruction. Our example program can be> 
written in assembly language as follows: 



SnepNq. Hex Code 


Assembly Code 




■ B8 ~ ' ■ 


MOV RO, #32 


1 


20 




2 


BA 


MOV R2, #05 


3 


05 




-s'4; 


. 09 lf«P: 


IN A, PI 




' '•AC> ^"F 


MOV @R0, A 


6 


18 


INC RO 


7 


EA. 


.■ DJNZ R2, INP 


8 


,:..-04 I^i-ir 


•irit awoiloi 



The first statement can be verbalized as 
follows: Move to Register the decimal 
number 32. Move instructions are always 
structured such that the destination is first 
and the source is second. The pound sign "#" 
indicates that the source is "immediate" data 
(data contained in the following byte of 
program memory). In this case data was 
specified as a decimal 32, however, this could 
have been written as a hex 20H or a binary 
0010 OOOOB since the assembler will accept 
either form. Notice also that in this instance 
two lines of hex code are represented%yl)h# 
line of assembly code. 

The input instruction IN A, PI has the same 
form as a MOV instruction indicating that the 
contents of Port 1 are to be transferred to the 
accumulator. In front of the input instruction 
is an address label which is delineated by a 
colon. This label allows the progr9m to be 
written in ^.fortn independent of its final 
location in program memory since the 
branch instruction at the end of the program 
can refer to this label rather than a specific 
address. Thisjs a, very, itripprtant advantage 
of assembly lariguage programs since it 
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aJtowS' instructions to be added or deleted 
tliroughout the program during debugging 
witliout requiring tliat any jump addresses be 
changed. 

The next instruction IVlOV @R0, fQieoBfJUm 
verbalized as^ Move to the dataonMRSiQny 
location addressed by RO, the contents ofthe 
accumulator. The @ sign indicates an 
indirect operation whereby the contents of 
dtlWMFf^itiisttF or regiftterl^ aets as a pointer 
to the data memory locatiooiOfbe operated 
on. . 

The feSfty^r^efoSdh Is a Decrerhent artd Jiimp 
if Not Zero instruction which acts in 
combination with the specified register as a 
loop counter. In this case register 2 is loaded 
wltii^ir^j^^ and then decreniented byj>ne 
eacnilme the loop is executed. If the result of 
the decrement is not zero, the program jumps 
to INP and executes another input operation. 
The fifth time thru the loop the result is zero 
and; exeeuHoiiij falls through to whatever 
routine f6llows the DJNZ instruction. 

In addition to the normal features provided 
by assemblers, more advanced assemblers 
such as that for the MCS-48 offer such things 
as evaluation of expressions at assembly 
time, conditional assembly, and macro 

1.. Evaluation of ExprMSlons - Certain 
assemblers allow the use of arithmetic 
expressions and multiple symbols in the 
operand portion of instructions. For instance 
the jyiQ$-j|£|. assembler accepts instructions 

ADD A, # ALFA*BETA/2 ■ b.^ : 

ALFA and BETA are two previously defined 
symbols. At assembly time the expression 
ALFA*BETA/2 will be evaluated and the 
resulting number (which is the average of 
ALfi^^'^lmf BETA) will be Wifed^ai' 
iftimediate data and designated as the 
second byte of the ADD immediate instruc- 
tion. This expression has allowed the 
immediate data of this instruction to be 
defined in a single statement and eliminated 
the need for a third symbol equal to 
ALFA*BETA/2. 



2. Conditional Assembly - Conditional as- 
sembly allows the programmer to select only 
certain portions of his assembly language 
(source) program for conversion to machine 
(object) code at assembly time. This allows 
for instance, the inclusion of various "debug" 
routines to be included in the program during 
development. Using conditional assembly, 
they can then be left out when the final 
assembly is done. 

Conditional assembly also allows several 
versions of one basic program to be 
generated by selecting various portions of a 
larger program at assembly time. 

3. Macro's - A macro instruction is essen- 
tially a symbol which is recognized by the 
a^embler to represent a specific sequence 
of several standard instructions. A niacro is a 
shorthand way of generating the same 
sequence of instructions at several locations 
in a program without having to rewrite the 
sequence each time it is used. For example, a 
typical macro instruction might be one which 
performs a subtract operation. The 8048 does 
not have a subtract instruction as such but 
the operation can be performed easily with 
three instructions: 

CPL A 
ADD A, REG 

CPL A 

Jhls routine subtracts a register from the 
aCcti'mufktiJr irtlfcl' leaves thie' resLilt In the 
accumulator. This sequence can be defined 
as a macro with the name SUB and an 
operand which can be RO to R7. Toeubtract 
R7,frpm {he accui:nMl?tor then, the,program- 
p«rijxierety has to wKlte: 

and the assembler will automatically insert 
the three instructions above with R7 substi- 
tuted for REG. 

Once the assembly language source code is 
written it can be converted to machine 
executable object code by passing it through 
an assembler program. The MCS-48 assem- 
bler is a program which runs on the 8080- 
based Intellec MDS system explained in the 
next section. ' 
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1.3 Developing An MCS-48^" Based 
Product 

Although the development of a microcom- 
puter based product may differ In detail from 
the development cycle of a product based on 
TTL logic or relays, the basic procedures are 
ttje same — only the tools are different. 

1.3.1 Education', ' '' [ 

The first step of course is to become familiar 
with w/hat the microcomputer is and what it 
can do. The first step in this education is this 
document, the iyiCS-48™ User's Manual. The 
user's manual ^iV^s a d&taf^i^ ictescripifidh' of 
tlie)<M€&r48 famHy of components and how 
they may be used in various system configu- 
rations. Also included is a description of the 
8048 instruction set and examples of 
how the instructions may be used. For a more 
complete discussion of the nstruction set 
and programming techniques the MCS-48 
A^4mbly Language Manual Is also available. 

If time is critical in getting started in 
iTiicrocomputers, individuals can attend one 
bf many Intel sponsored 5-day training 
courses which give basic instruction in the 
MCS-48 as well as hands-on experience with 
MCS-48 development systems. These 
courses are a convenient means of getting 
started with the MCS-48, particularly for 
|:hose nof'ttirtiilfetrvwith miemprocessors. 

After general familiarization is complete, 
either through self-instruction or a training 
course, the next step is to gain a better "feel" 
for what a microprocessor can do in your 
own applications by writing several exercise 
programs which perform busic functions. 
You may require such things as I/O routines, 
delays, counting functions, look-up tables, 
prithmetic functions, and logical operations 
Which can serve as a set of building blocks for 
future applications programs. Several basic 
programming examples are included in the 
MCS-48 Assembly Language Manual while 
the Intel User^s Library is a source fj^ |llQr^ 
specific applicatfons roufiries. 

if.3.2 Function Definition 

kftffr a— thorougti— undetstanding of~tha- 



microprocessor is achieved, the functions to 
be implemented can be defined using a 
flowchart method to descdiae each basic 
system function and the sequence in which 
the processor executes these functions. 
Once the system is flowcharted, critical time- 
related functions can be identified and 
sample programs written to' A^fy ttMit 
performance requirements can be met. 

1.3.3 Hardware Configuration 

The next step involves the definition of the 
microcomputer hardware required to imple- 
ment the function. Input/Output capability 
must be defined in terms of number of inputs, 
number of outputs, bi-directional lines, 
latching or non-latching I/O, output drive 
capability, and input Impedance. The num- 
ber of words of RAM storage required for 
intermediate results and data storage must 
then be determined; The type of system will 
dictate whether battery backup is needed to 
maintain data RAM during power failure. 

Probably the most difficult parameter to 
define initially is the amount of program 
memory needed to store the applications 
program. Although previously written exer-ji 
else programs will make this estimate more 
accurate, a generous amount of "breathing 
room" should be allowed in program memory 
until coding is complete and the exact 
requirements are known. Many special 
functions such as serial communications 
(TTY) or keyboard/display interfaces may be 
implemented in software (programs); how- 
ever, in cases where these functions place a 
severe load on the processor in terms of time 
or program memory, special peripheral 
interface circuits such as the 8251, Universal 
Synchronous or Asychronous Receiver/ 
Transmitter (USART) or 8279 Keyboard/ 
Display interface may be used. 

1.3.4 Code Generation 

The writing of the final program code for the 
application can begin once the system 
function and hardware have been defined 

and can be generated in parallel with the 
detailed hardware design (PC card layout, 

pn w^ar ei ip p jy , , p l y »,j . .. ^ 
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At this point, there are two pathsavaHabte to" 
the designer/programmer and two types of 
design development aids provided by Intel to 
sMfMifyilh^fproDeduresi One syster^/called 
PROMPT 48, is a low cost development 
system which supports machine language 
programming and the second is the Intellec 
Microcomputer Development System which 
supports'bertfTTnachine and assemt)ly tan^Ur 
ages. For those of you unfamiliar with the 
advantages and disadvantages of machine 
and assembly lanfuages'SCf^ SlS^ion 1.2. 

liia^B0MRf 48 

PROMPT 48 Is a low cost design aid 
consisting of: an 8748 processor to execute 
|D)^i«aMi|«S&n^t cffcuftjf t6<^oVid#6^^ 
fifjietiorfs" s8(^ as single step and break 
points, a fnortftor program stored in ROM, 
an EPROM programmer, and a hexa- 
decimal 4teyboard and display. There are two 

48, one for programming the 8748 and one irt 



which a programmed 8748 executes its 
program while under control of the monitor 
routine. 

Use of PROMPT .48 iiiydl'l/es th^ following 

steps: • . ^ . . / : 

1. Loading an application program into the 
PROMPT RAM memory via Hex keyboard or 
external terminal (TTY and RS232 interface 
provided). ' ■ 

2. Inserting an erased 8748 |n the prqgram- 
ming socket and transferring the application 
program to its internal EPROM. 

3. Transferring programmed" 8748 to execu- 
tion socket where program is executed and 
debugged under control of the monitor. 

The monitor routine allows the user to single 
step this processor, examine or modify all 
internal registers and data memory; or to run 
at full speed and §top tfij? prode^pr at 
predetermined breakpoints. ' PROmPT 48 
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also provides IK of writeable program 
memory which may be used to debug user 
programs. A multiple single step feature 
is also provided in which the processor steps 
through its program dumping all internal 
contents to external RAM where it may be 
later displayed or typed out on an external 
terminal. Paper tape input and output in 
Intel's hexadecimal format is also available 
through the TTY. 

1.3.6 Intellec Development System 

The Intellec Microcomputer Development 
System is a modular development system 
which can be expanded as necessary to meet 
the requirements of your design cycle. The 
system consists of the processor unit which 
is based on Intel's 8080A microprocessor, 
and several optional units such as the UPP 
Universal PROM Programmer, the PTR High 
Speed Paper tape reader, the DOS Disl< 
Operating System, and the Intellec CRT 
terminal. 

To support the development of MCS-48 
systems a macro-assembler ASM 48 is 
available for the Intellec System as well as a 
personality module for the UPP which will 
program the EPROM of the 8748. Also 
available is in-circuit emulation capability 
with ICE-49 which will allow emulation and 
debug of user's 8048 application programs 
on the 8080A-based Intellec Development 
System. 

The Intellec system is a flexible high 
performance development system which can 
support Intel's various microcomputer fami- 
lies with various optional modules. The 



macro-assembler and text editor programs 
provided allow the designer to write and edit 
his programs in assembly language and then 
generate the machine language output 
necessary to program the 8748 EPROM. The 
availability of a high speed CRT and a 
diskette operating system eliminates the 
laborious input and output of paper tape files 
normally required during the assembly 
process. Finally, ICE 48 allows the user to 
extend the resources of his entire Intellec 
system into the 8048 socket of his own 
system and use all Its emulation, debug, and 
display facilities directly. 

1.3.7 Production 

Once a working program has been achieved, 
a preproduction phase usually follows where 
several prototype systems are evaluated in 
simulated situations or in actual operation in 
the field. During this period the use of the 
8748 EPROM allows quick alteration of the 
application program when problems or 
suggested changes arise. Depending on the 
magnitude and number of future changes 
anticipated, the first production units may 
also be shipped with EPROM processor. 
However, to achieve the maximum cost 
reduction potential in high volume appli- 
cations, a conversion to the 8048 ROM is 
usually necessary. This is an easy transition 
since the 8048 and 8748 are pin and machine 
code compatible equivalents. The user 
merely develops a hexadecimal tape of his 
8748 program memory contents using his 
Intellec System or PROMPT 48 development 
aid and sends it to Intel along with his 8048 
order. As the 8048 ROM's arrive they can 
Immediately replace the 8748 EPROMs. 
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2.0 Summary t 

sections 2.1 through 2.4 describe in detail 
the functional characteristics of the 8748 
EPROM, 8048/8049 ROM and 8035/8039 
single component microcomputers. Unless 
otherwise noted, details within these sec- 
tions apply to all versions. Sections 2.5 
through 2.11 describe the operation of the 
8021, while Sections 2.12 through 2.21 de- 
scribe the 8022. This chapter is limited to 
those functions useful in single-chip imple- 
mentations of the MCS-48. Chapter 3 dis- 
cusses functions which allow expansion of 
program rnemory, data memory, and input- 
output cai^ability-. — ■ — — ! 

2.1 Architecture 

The following sections break the 8048 into 
functional blocks and describ e each in detail. 

2.1.1 Arithmetic Section 

The arithmetic section of the processor con- 
tains the basic data manipulation functions of 
the 8048 and can be divided into the following 
blocks: 

: ^ : Arithmetic Logic JJoiUALU) 
■5^- Accumulator '^^1 | 

Carry Flag 

Instruction Decoder 

In a typical operation data stored in the 
accumulator is combined in the ALU with data 
from another source on the Internal bus (such 
as a register or I/O port) and the result is 
stored in the accumulator or another register 
The following is a more detailed description of 

the funfition-of eaiA\ block: 1 ■ , , 

: i I ' 

InstructlcHv Decoder 

The operation code (op code) portion of each 
program instruction is stored in the Instruction 
Decoder and converted to outputs which 
control the function of each of the blocks of 
the Arithmetic Sectior^. These lines control 
the source of data and the destination register 
as well as the function performed in the ALU. 



Arithmetic Logic Unit 

The ALU accepts 8-bit data words from one 
or two sources and generates an 8-bit result 
under control of the Instruction Decoder. 
The ALU can perform the following functions: 



Add With or Without Carry | 
ANip„OR, Exclusive OR - - 
Increhent/Decrement 
Bit Complghieht 
Rotate Left, Right 

Swap Nibbles _ 

BCD Oeciniai Ad|ust- , 



If the operation performed by the ALU results 
in a value represented by more than 8 bits 
(overflow of most significant bit) a Carry Flag 
is set in the Program Status Word. 

Accumulate^ i 

The accumulator is the single most impor- 
tant data register in the processor, being 
one of the sources of input to the ALU and 
often the destination of the result of opera- 
tions performed in the ALU: Data to and 
from I/O ports and memory also normally 
passes through the accumulator. 

2.1.2 Program Memory 

Resident program memory consists of 1024 
or 2048 words eight bits wide which are 
addressed by the program counter. In the 
8748 this memory is user programmable 
and erasable EPROM; in the 8048/8049 the 
memory is ROM which is mask program- 
mable at the factory. The 8035/8039 has no 
internal program memory and is used with 
external devices. Program^^de is com- 
pletely Interchangeable among the various 
versions. See Section 2.3 for EPROM pro- 
gramming techniq|je§. ^ .,^,0;;.-;:.)^ 
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Thdre are thifdebcations irv Frdgi^mfiieMwf 
of special importstnc^- 

LOCATION 
Activating the Reset line of the processor 
causes the first instruction to be fetched 
from location 0. 

LOCATION 3 

Activating the Interrupt input line of the 
processor (if interrupt is enabled) causes a 
jump to subroutine at location 3. 

LOCATION 7 
A timer/counter interrupt resulting from 
timer/counter overflow (if enabled) caii^f^ 
a jump to subroutine at location 7. 

Therefore, the first instruction to be executed 
after initialization is stored in location 0, the 
first word of an external interrupt service 
subroutine is stored in location 3, and the first 
word of a timer/counter service routine is 
stored in location 7. Program memory can be 
used to store constants as well as program 
instructions. Instructions such as IVIOVP and 
MOVP3 allow easy access to data "lookup" 
tables. 
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J?f^.)Wemory 

R^sldient data mempry is organiized ^s 64 0|r 
128 words 8-bits wide. All locations are 
indirectly addressable through either of 
two RAM Pointer Registers which reside at 
address and 1 of the register array. In 
addition, the first 8 locations (0-7) of the 
array are designated as working registers 
and are directly addressable by several 
instructions. Since these registers are more 
easily addressed, they are usually used to 
store frequently accessed intermediate 
results. The DJNZ instruction makes very 
efficient use of the working registers as pro- 
gram loop counters by allowing the 
programmer to decrement and test the 
register in a single instruction. 

By executing a Register Bank Switch instruc- 
tion (SEL RB) RAM locations 24-31 are 

designated as the working registers in place 
of locations 0-7 and are then directly address- 
able. This second bank of working registers 
may be used as an extension of the first bank 
or reserved for use during interrupt service 
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subroutines allowing the-reglsters of Bank 

used in tlie main progreim to be instantly 
"saved" by a Banl< Switch. Note that if this 
second bank is not used, locations 24-31 are 
still addressable as general purpose RAM. 
Since the two RAM pointer Registers RO and 
R1 are a part of the worl'ung register array, 
bank switching effectively creates two more 
pointer registers ((%' and R1') which can be 
used with RO and R1 to easily access up to 
four separate working areas in Ram at one 
tinfje. RAM locations (8-23) also serve a dual 
role in that they contain the prograni counter 
stack as explained in Sec. 2.1.6. These \6ei- 
tions are addressed by the Stack Pointer 
during subroutine calls as well as by RAM 
Pointer Regiiiaers and R1. If the* level of 
subroutine nesting is less than 8, all stack 
registers are not required and can be used as 
general purpose RAM locations. Each level of 
subroutine nesting not used provides the user 
with two addtttonal RAM locations. 

2.1.4 I 

The 8048 has 27 lines which can be usKi^or 
input or output functions. These lines are 
grouped as 3 ports of 8 'fihSf^H^ which 
serve ^ either inpiits, outputs or bid^ectional 



ports and 3 "test" inputs which can alter 
program sequences when t^ed by conditional 

jump instructions. 

Ports 1 and 2 

Ports 1 and 2 are each 8 bits wide and have 
identical characteristics. Data written to these 
ports is statically latched and remains un- 
changed until rewritten. As input ports these 
lines are non latching, i.e., inputs must be 
present until read by an input instruction. 
Inputs are fully TTL. compatible and outputs 
Mfill djiye one standard TTL load. 

The lines of ports 1 and 2 are called quasi- 
bidirectional because of a special output 
circuit structure which allows each line to 
serve as an input, an output, or both even 
though outputs are statically latched. The 
figure shows the circuit configuration in detail. 
Each line is continuously pulled up to +5v 
through a resistive device of relatively high 
impedance (~50Kfl). This pullup is sufficient 
to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL 
gate thus allowing the same pin to be used for 
both input and output. To provide faesf Etching 
Wmi ih a"0" to "1" transifibn a reMively low 
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impedance device (~5Kri) ia?sifiolied in 
momentarily (~ 500ns) wlienever a "1" is 
written to the line. When a "0" is written to the 
line a low impedance (~300n: device over- 
comes the light pullup and provides TTL 
current sinking capability. Since the pulldown 
transistor Is a low impedance device a "1" 
must first be written to any line which is to be 
used as an input. Reset initializes all lines to' 
the high impedance "1" state. This structure' 
kilov^s input arid output on the same pin and 
also allows a mix of input lines and output 
lines on the same port. The quasi-bidirectional 
port in combir>ation with the ANil'and 
logical instructions provide an efficient means 
for handling single line inputs and outputs 
#MPf^aH>8-l$t:>preeessor; ®0i^it»o Section 
3.7. 

Bus 

Bus is also an 8-bit port which is a true bi- 
directional port with associated input and 
output strobes. If the bidirectional feature is 
not needed, Bus cari serve as either a statically 
latched ou^ut port or non-la,tching input port. 
Input and output lines on this port cannot be 
mixed however. 

As a static port, data is written and latched 
using the OUTL instruction and inputted using 
the INS instruction. The INS and OUTL instruc- 
tions generate pulses on the corresponding 
RD and WR output strobe lines; however, in 
the static port mode they are generally not 
used. As a bidirectional port the MOVX instruc- 
tions are used to read and write the port. A 
write to the port generates a pulse on the WR 
output line and output data is valid at the 
trailing edge of WR. A feed of the port 
generates a pulse on the RD output line and 
input data must be valid at the trailing edge of 
RD. Wheft WbHjeingf v^rrftter^^r read, the BUS 
lines are in a high impedance statb^Sdelisa 
Sections 3.6 and 3.7. 

2.1.5 Test and INT Inputs 

Three pins serve as inputs and are testable 
with the conditi onal jump instruction. These 
are TO. T1..i04.iNT:,Ihese pins allow inputs 



to cause program branches without the neces- 
sity to load an input port into the accumulator. 
The TO, T1, and INT pins have other possible 
functions as well. See the pin description in 
Sec. 2.2. 

2.1.6 Program Counter and Stack 

The Program Counter is an independent 
counter while the Program Counter Stack is 

implemented using pairs of registers in the 
Data l\/lemory Array. Only 10 (or 11) bits of 
the Program Counter are used to address 
the 1024 (2048) words of on-board program 
memory while the most significant bits are 
used for external Program Memory fetches. 
The Program Counter is initialized to ^ro 
by activating the Reset line. 

An interrupt or CALL to a subroutine causes 
the contents of the program counter to be 
stored in one of the 8 register pairs of the 
Program Counter Stack. The pair to be used 
is determined by a 3-bit Stack Pointer which 
is part of the Program Status Word (PSW). 
Data RAM locations 8 thru 23 are available as 
stack registers and are used to store the 
Program Counter and 4 bits of PSW as 
shown in the figure. The Stack Pointer when 
initialized to 000 ppints to RAM locations 
8 and 9. The first subroutine jump or intermpt 
results in the program counter contents being 
transferred to locations 8 and 9 of the RAM 
array The stack-pointer is then incremented 
by one to point -to ' locations 10 and 11 in 
anticipation of another CALL. Nesting of sub- 
routines within subroutines can continue up to 
8 times without overflowing the stack. If 
overflow does occur the deepest address 
stored (location 8 and 9) will be oven/vritten 
and lost since the stack pointer overflows 
from 111 to 000. It also underflows from 000 
to 111. 

The end of a subroutine, which is signalled by 
a return instruction (RlT d^r'^RETR),' causes 
the Stack Pointer to be decremented and the 
contents of the resulting register pair to be 
transferred to the Program Counter. 
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2;1 .7 Program SfiEttils Word' 

An 8-bit status word which can be loaded to 
and from the accumulator exists called the 
Program Status Word (PSW). The accom- 
p^yirlg figure shows the information available 
ih^ the word. The Program Status Word is 
actually a collection of flip-flops throughout 
t}jip rnachlrie which can be read or written as a 
whole. The ability to write to PSW. allows for 
easy restoration of machine status after" a 
power down sequence. 

T^Sjuppec fouc bjts of PSVy are stored in the 
Bra^rafTrCOlfnter Stack with every call to 

subroutine or interrupt vector and are optionally 
restored upon return with the RETR instruction. 
The RET .return mstruction does not update, 
PSW. 

The PSW bit definitions are as follows: 
Bits - 2: Stack Pointer bits (So, S,, S2) 
Not used ("1" level when 

Working Reg«stdr B5nk Switch 

Bit(BS) ' * 

- " ■ = Bank 

1 = Bank 1 

Bit 5: Flag bit (FO) user controlled 

flag which can be comple^' 
■ mented or cleared, and tested 

' ' with the conditional jump in- 

'^■'Strubtion JFO. 



V%it 4: 



yy; Auxiliary Carry (AC) carry bit 
■ generated by an ADD instruc- 
. ,. tion and used by the decimal 
adjust instruction DA A, 
Bit 7: Carry (CY) carry flag which 

bnn i. 11 .J' indicates that the previous 
){ pHi ppefj^tion h^ resulted in over- 

G^cHtiOnal Branch lipgic 

The conditional branch logic within the pro- 
cessor enables several conditions internal 
and external to the processor to be tested by 
the users program. By using the conditional 
jump instftJtefiOh'Ihe following conditiorts 'iSan 
effect a change in the sequence Of the 
program execution. 
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2.1.9 Interrupt 

An.iQterrupt sequence is initiated by applying 
a low'"0''?1ewelinput td'the tNT pifrfinterruptls 
level triggered and active low to allow "WIRE 
ORing" of several Interrupt sources at the 
iiiipQti|»FnThe interrupt line is sampled every 
macfiine cycle during ALE and when detected 
causes a "jump to subroutine" at location 3 in 
program memory as soon as all cycles of the 
current instruction are complete. INT must 
l9BltieiflklliwRf6i!®t-tedest T>^lo«nsu)!e)pi%)p0r 
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intirrupt operations. As in any CALL' to §ut> 
routine, the Program Counter and Program 
Status word are saved in the stack. For a 
deseription of tliis operation see the previous 
section, Program Counter and^tacKs.lrlra- 
gram Memory location 3 usue(liy i5&nta1rts an 
unconditional jump to an interrupt service 
subroutine elsewhere in program memory. 
TI16)eruj)bfiari'tnterrupl»servieen5abro^^^ is 
slgimllld by the execution of a Return and 
Restore Status instruction RETR. The inter- 
rupt system is single level in that once an inter- 
rupt is detected all further interrupt requests 
are ignored until execution of an RETR re- 
enabies the interrupt input logic. This occurs 
at t^e beginning of the second cycle of the 
REFH instruction. This sequence holds true 
also for an internal interruot generated by 
timer overflow. If an internal timer/counter 
generated interrupt and an external interrupt 
are detected at the same time, the external 
soui%e wifl bi^ fecognizea. See the following 
Timer/Counter section for a description of 
timer interrupt. If needed, a second external 
interrupt can be created by enabling the 
timer/counter.jjolextupt, loading FFH in the 
Counter (one' less than terminal count), and 
enabling the event counter mode. A "1 " to "0" 
transition on the T1 input will then cause an 
interrupt ymt^ to' location 7. 

Interrupt Tln^g 

The interrupt input may be enabled or disabled 
under Program Control using the EN I and 
DIS I instructions. Interrupts are disabled by 
Reset and remain so until enabled by the 
users program. An interrupt request must be 
removed before the RETR instruction is ex- 
ecuted upon return from the service routine 
othenwise the processor will re-enter the ser- 
vice routine immediately. Many peripheral 
devices prevent this situation by resettijng 
their interrupt request line whenever the pro- 
cessor accesses (Reads or Writes) the periph- 
erals data buffer register If the interrupting 
device does not require access by the pro- 
cessor, on©;, output line of the 8048.raay be 
designated as an "iriterrijpt acknbMerdge" 
which is activated by the service subroutine to 
reset the interrupt request. The INT pin may 



also be tested using the conditional jump 

instruction JNI. This instruction may be used 
to detect the presence of a pending interrupt 
before interrupts are enabled. If interrupt is 
left disabled, INT may be used as another test 
input (il<e to and T1. 

2.1.10rTlmer/Coimter 

The 8048 contains a count^^^ to aid the user in 
counting external events and generating ac- 
curate time delays without placing a burden 
on the processor for these functions. In both 
modes the counter operation is the same, the 
only diff^rencelneihg the source of the input 
to the counter. 

Counter 

The 8-bit up binary counter is presettable and 
readable with two MOV instructions which 
transfer the contents of the accumulator to the 
countermand vice versa. The counter content is 
nbt affected by Re^t and is initialized solely 
by the MOV T,A instruction. The counter is 
stopped by a Reset or STOP TCNT instruction 
and remains stopped until started aS: a timer 
by a START T instruction or as an event 
counter by a START CNT instruction. Once 
started the counter will increment to its maxi- 
mum count (FF) and overflow to zero contin- 
uing its count until stopped by a STOP TCNT 
instruction or Reset. 

The increment from maximum count to zero 
(overflow) results in the settinig'(Of an overflow 
flag flip-flop and in the generation of an 
interrupt request. The state of the overflow 
flag is testable with the conditional jump 
instruction JTF. The flag is reset by executing 
a JTF or by Reset. The intentipt request is 
stored in a latch and then ORed with the 
external interrupt input INT. The timer interrupt 
may be enabled or disabled independently of 
ext0rnal.inleaupt by the EN TCNTI and DIS 
TCNTI instructions. If enabled, the counter 
overflow will cause a subroutine call to location 
7 where the timer or counter sen/ice routine 
may be stored. If timer and external interrupts 
occur simultaneously, the eji^ejial soiree will 
be recognized and the Call will be to location 
3. Since the timer interrupt is latched it will 
remain pending until the external device is 
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serviced and immediately be recognized upon 
return from tlie service routine. The 
pending timer interrupt is reset by tlie Call 
to [portion 7 or may be removed by 
ejtfputfrtg a DIS TCNTI instructfon. 

A;s an Event Counter 

Execution of a START CMT {h^fw^ofl con- 
nects the T1 input pin to the counter input and 
enables the counter. Subsequent high to low 
transitions on T1 will cause the counter to 
increment. The maximum rate at which the 
counter may be incremented is once per 
three instruction cycles (every 7.5/u,sec when 
using a 6MHz crystal) — there is no minimum 
frequency Tl input must remain high for at 
least 500ns (at 6MHz) after each transition. 

As a Timer 

Execution of a START T instruction connects 
an internal clock to the counter input and 
enables the counter. The internal clock is 
derived bf passing the basic 400 K+te machine 
cycle clock ALE through a ^ 32 prescaler. 
The prescaler is reset during the START T 
instruction. The resulting 12.5 KHz clock 
increments the counter every 80 t^sec 
(assuming 6 MHz XTAL). Val-ious delays 
between 80 ^sec and 20 msec (256 counts) 
can be obtained by presetting the counter and 



msec may be achieved by accumulating mul- 
tiple overflows in a register under software 
control. For time resolution less than 80 /xsec 
an external clock can be applied to the Tl 
input and the counter operated in the event 
counter mode. ALE divided by 3 or more can 
serve as this external clock. Very small delays 
or "fine tuning" of larger delays can be easily 
accomplished t^-^ftwajce delay loops. 

2.1.11 Clock and Timing Circuits 

Timing generation for the 8048 is completely 
self-contained with the exception of a fre- 
quency reference which can be XTAL, 
inductor, or external clock source. The 
Clock and Timing circuitry can be divided 
into the foll®wing ftanctioml blocks: 

Osciilator.n.,_. I.!""! _ ' *™i;!o 

The on-board oscillator is a high gain parallel 
resonant circuit with a frequency range of 1 to 
6MHz. The X1 external pin is the input to the 
amplifier stage while X2 is the output. A 
crystal or inductor connected between X1 
and X2 provides the feedback and phase 
shift required for oscillation. A 5,9904 MHz 
crystal provides for easy derivation of all 
standard communications frequencies. If an 
accurate frequency reference and maximum 
-ja^afi^MLspeKl^ejiDJmguireri.Ari indu^^ 
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tor may be used In place of the crystal. With 
an inductor the oscillator frequency can be 
approximately 3 to 5 MHz. For higher speed 
operation a cr^tal should be used. An 
externally generated clock may also be 
applied to XI -X2 as the frequency source. 
See the data sheet for more information. 

State Counter 

The output of the oscillator is divided by 3 in 
the State Counter tp cre9jS.M.^^^ which 
defines the state times of the machihe (CLK). 
CLK can be made available on the external 
pin TO.by executing an ENTO CLK instruction. 
The ©(^pufeiLdLK on TO is disabled by Reset 
of the pr©@i8Sor. 



Cycle Counter 

CLK is then divided by 5 in the Cycle Counter 
to provide a clock which defines a machine 
cycle consisting of 5 machine states. This 
clock is called Address Latch Enable (ALE) 
because of its function in l\/ICS-48 systems 
with extemal memory, it is provided continu- 
ously pa the ALE output pin,. 

2.1.12 Reset 

The reset input provides a means for initializa- 
tion" for the processor. This Schmitt-trigger 
input has an internal pullup resistor which in 
combination with an external 1 fiM capacitor 
provides an internal reset pulse of sufficient 
length to guarantee all circuitry is reset. If the 
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Reset perfiirmi thib following functidns: 

1. Sets program counter to zero. : 

2. Sets stack poin^r tO zero- r f 

3. Selects register bank 0. 

4. Selects memory bank 0. 

5. Sets BUS to high impedance state, 
(exbi&pt when EA = " ^ « ^ s " ^ < ^ 

6. Sets Ports 1 and 2 to input mode. 

7. Disables interrupts (timer and external) 

8. Stops timer. 

9. Clears timer flag. , ^ . =j , . 

10. Clekrs*=bandn. 

11. Disables clock output frofra f^. ^: • 

2.1.13 Single-Step 

This Jeature, provides the user with a debug 
cap^ility in '(hat the proces^ar can be stepped 
through the program one instruction at a time. 
While stopped, the address of the next instruc- 
tion to be fetched is available concurrently on 
BUS and the lower half of Port 2. The user 
can therefore follow the program through 
each of the instruction steps. A timing diagram, 
showing the interaction between output ALE^ 
and input is 'shown. Thfe BtlSr bufffef 
contents are lost during single step; how- 
ever, a latch may be added to re-establish 
the lost I/O capability if needed. (See 2.4.1). 



The 8048 operates in a single:Step mode as 
follows: 

,1. The processor is requested to stop by 
-^plying a low level on SSL 

2. The processor responds by stopping 
during the instruction fetch portion of the 
next instruction. If a double cycle instruc- 
tion is in progress when the single step com- 
mand is received, both cycles will be com- 
pleted before stopping. 

3. The processor acknowledged it has 

entered the stopped state by raising ALE 
high. In this state (which can be maintained 
indefinitely) the address of the next instruc- 
Jipn to be fetched is present on BUS and 
|h^-ilbwer:half^ port 2. ' 
1 

4. SS is then raised high to bring the pro- 
cessor out of the stopped mode allowing it 

f to fetch the next instruction. The exit from 
i 4top is indicated the propessor bringing 
ALEitovK \ ' ■ 

5. To stop the processor at the next instruc- 
tion 88 must be brought low again as soon 

|:" as ALE goes low. If 88 is left high the pro- 
' = cessor remains in a "Run" mode. ^ 

A diagram for implementing the single step 
function of the 8748 is shown. A D-type flip- 
flop with preset and clear is uis§d to generate 
SS. In the run mode SS is held high by 
keeping the flip-flop preset (preset has prec- 
edence over the clear input). To enter single 
■^tep, preset is remtwed allowing ALE to bring 
' ^S* low via the dear input. ALE should be 
buffered since the clear input of an SN7474 is 
the equivalent of 3 TTL loads. The processor 
is now in the stopped state. The next instruc- 
tion is initiated by clocking a "1" into: the flip- 
flop. This "1" will not appear on SS unless 
ALE is high removing clear from the flip-flop. 
^ In response to SS going high the processor 
^begins art' in^tru^oti fetch whiihl brihgs ALE 
low resetting SS through the clear input and 
causing the processor to again enter the 
stopped state. 
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2.1.14 Power Down Mode 
(8048, 8049, 8039, 803SL) 

Extra circuitry has been added to tlie 8048 
ROM version to allow power to be removed 
from all but the 64/128 x 8 data RAM array 
for low power standby operation. In the 
power down mode the contents of data 
RAM can be maintained while drawing 
tYpically 10% to 15% of normal operating 
power requirements. 



Vcc serves as the 5V supply pin for the bulk 
of 8048 circuitry while the Vdd pin supplies 
only the RAM array. In normal operation both 
pins are at 5V while in standby Vcc is at 
ground and only Vpo is maintained at 5V. 
App lying R eset to the processor through 
the RESET pin inhibits any access to the 
RAM by the processor and guaranteesthat 
RAM cannot be inadvertently altered as 
power is removed from Vcc- - 
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I i:^ 

A typical |J9Wf©cjjQwn sequence occurs as 
follows: ^' 

1. Imminent power supply failure is detected 
by user defined circuitry. Signal must be 
early enough to allow 8048 to save, all nec- 
essity etita b#!>re Vcc falls below normal 

2. Power fall signal is used to interrupt 
processor and vector it to a power fail 
service routli^. . 



3. Power fail routine saves all important 
data andmaehtne status in tfie internal data 
RAM array. Routine may aisc initiate trans- 
fer of backup supply to the Vdd pin and 
indicate to external circuitry that power fail 
rQ|^^ if cornpiete. ■■■■^ ^ 

4. Reset is applied to guarantee data will 
not be altered as ttie power supply falls out 
of limits. Reset must be held low until Vcc 
Is aTgrounaievef." 

Recovery from the Power Down mode can 
occur as any othejtipBwer-on sequence with 
an external capacitor on the Reset input 
providing the necessary ld^la|^»See;twi |&rew 
ous section on Reset. , ?. i- 

2.1.15 External Access Mode 

Normally the first IK (8048) or 2K (8049) 
words of program memory are automati- 
GaJlitletched from internal ROUxxtEBHOMi 
The EA input pin howe\ier2di®Jii(rsEfh©iu«a*4o 



%ffsi&W^y disable internal program mem- 
ory by forcing all program memory fetches 
to reference external memory. The follow- 
ing chapter explains liow access to external 
program memory is accomplished. 

The External Access mode is very useful in 
system test and debug because'lt allows the 
j<ll§^ to disable his internal applications pro- 
gram and substitute an external program of 
his choice — a diagnostic routine for instance. 
In addition, the section on Test and Debug 
explains how internal program memory can 
be read externally, independent of the 
processor. 

A "1" level on EA initiates the external access 
mode. For proper operation, Reset should be 
applied while the EA input is changed. 

2.2 Pin Description 

The IVIC3-48 processors (except 8021) are 
pacl<aged in 40 pin Dual In-Line Paclcages 

(DIP'S). The following is a summary of the 
functions of each pin. Where it exists, the 
second paragraph describes each pin's 
function in an expanded MCS-48 system. 
Unless otherwise specified, each input is 
TTL compatible and each output will drive 
one standard TTL load. 
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Designation 



Vss 

Vcc 
PROG 

Plb-P17 

(Port 1) 

P20-P27 
(Pdrt 2) 



D0-D7 
(BUS) 



TO 



T1 

lo .VO' 



RD. 



Pin* 
Number 



20 
26 

40 
25 

27-34 
21-24 

12-19 



39 



it 



Function 



Circuit GND potential T-jBHri 

Programming power supply; +25V during program, 
+ 5V during operation for both ROIVl and PROM. Low 
power standby pin in 8048 ROM version ■ ' ^ ' 

Main power supply; +5V during operation and 

8748 programming. ; - 

Program pulse (+23V) input pin during 8748 
programming. 

Output strobe for 8243 I/O expander. 

8-bit quasi-bidirectibnal do«. (Internal Pullup = SOKfl)^ 

8-bit quasi-bidirectional port. (Internal Pullup « SOKfl) 

P20-P23 contain the four high order program counter 
bits during an external program memory fetch and ser^ef 
as a 4-bit I/O expander bus for 8243. 

True bidirectional port which can be written or read syn- 
chronously using the RD, WR strobes. The port can also 
be statically latched. 

Contains the 8 low order program counter bits during an 
external prograWf*in^ory fetch, and receive s the ad- 
dressed instruction under the control of PSEN. Also con- 
tains the address and data during an external RAM data 
^tk^'W^Mh;^hdif mm W'/CLErRfe; antf " 

Input pin testable using the conditional transfer instruc- 
tions JTO and JNTO. TO can be designated as a clock 
output using ENTG CLK instruction. TO is also used dur- 
ing programming. 

Input pin testable using the JT1, .and JNT1 instructions. 
Can be. d^ignated the event counter^ inpaf using the • 
STRT CNT instruction. 

•'■•.r:}ir:.,-)\.':''i-'- :. 
Interrupt input. Initiates an interrupt if interrupt is enabJpd. 
Interrupt is disabled after a reset. (Active low) ' 

Output strobe activated during a BUS read. Can be 
used to enable data onto the BUS from an external 
device. (Active low) ,^ ., . , . . 

Wsed ast ?fead SlrajtjiB*toExtei!w#'Ottfe^«l6flie)iy.sn ^r ' r,' 



GO' 



.tuqr 9a60Jl8r!®@l8T'804#ORS 
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Designation 



WR 



ALE 



ss 



EA 



XTAL1 



Pin 

Number 



10 



11 



Funetion 



Input whiciT*iS'«ised to initialize the processor. Also used 

during PROM programming and verification. (Active low) 
(Internal pullup = 200Kn) 

Output strobe during a BUS write. (Active low) 

Usfd, as^^jte, Strobe to external data memory. 

Address Lstfch' Enable. This signal occurs once during 
each cycle, and is useful as a clock output. 
Tlie negative edge of ALE strobes address into external 
data and.pK^gf<sirn J]ri|^Qry. 

Program Store Enable. This output occurs only dur|p|p.-a 
fetch to external program memory. (Active Low) 

Single step input can be used in conjunction with ALE 
to "single step" the processor through each instixiction- 
(Active Low) (Internal pullup = 300Kn) 

External Access input which forces all program memory 
fetches to reference external memory. Useful for emula- 
tion and debug, and essential for testing and program 
verification. (Active High) (Internal pullup » WM^i 
on 8048/8049^ 8035U 

One side of crystal input for internal oscillator. Also input 
for external source. 



}C19KLepiA 1^ 4 other side of crystal/extemal source input. 

Unless otherwise stated inputs do not have internal pullup resistors. 



2.3 Programming, Veiit^nsbapufl,; 
Erasing EPROM - o., , ^ , 

The internal Program Memory of the' 8748 
may be erased and reprogrammed by the user 
as explained in the following sections. See 
also the 8748 data sheet. 

2.3.1 Programming/Verification 

In brief, the programming process consists 
of: activating the program mode, applying an 
address, latching the address, applying data, 
and applying a programming pulse.' Each 
word is programmed completely before moving 
on to the next and is followed by a verifica- 
tion step. The following is a list of the pins 
used for pfogramming and a description of 
their functions: 



pin IHmetion 

XTAL 1 Clock Input (1 to 6MHz) 

Reset Initialization and Address 
Latching 

Test Selection of Program (OV) or 
verify (5V) Mode 

It EA ■ - -Pjfitivation of Program/Verify 
Modes 

BUS Address and Data Input 
Data Output During Verify 

P20-1 Address Input 

Vdd Programming Power Supply 
PROG Program Pulse Input 
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+SV 



RKET 



+5V ■ 



TESTO 



EA 





+23V 
+5V ■ 



,,A • 



BUS AND PROG CAN BE DRIVEN ONLY DURING THIS TIME - 



BUS 



PREVIOUS 



P20-21 



ADDRESS 



ADDRESS A0-A7 



X 



DATA OUT 



Vdd 



" X ADDRESS A8-A9 aeiuq ernoe eno VP oev •oKO Dc:;f>'' 



PROG ^v— 



Ft*?^ 



SEE 8048/8748 DATA SHEET (CHAPTERS) FOR DETAIL TIMING SPECIFICATIONS. 



WARNING; An atteittiyt to program a mis-socketed 8748 will result in severe damage to the part. An indication of a properly aoejceted part 
is the appearance of the ALIE clock output. The lack of this clock may be used to disable the programmer. 

PROGRAMMING/VERIFY SEQUENCE 



8748 Erasure Characteristics 

The erasure characteristics of the 8748 are 
such that erasure begins to occur when 
exposed to light with wavelengths shorter 
than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain 
types of fluorescent lamps have wave- 
lenf ths in r^the 30O0-4OOOA range. Data 
show that constant exposure to room level 
fluorescent lighting could erase the typical 
8748 in approximately 3 years while it 
would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If 
the 8748 is to be exposed to these types of 
lighting conditions for extended periods of 
time, opaque labels are available from Intel 
which should be placed over the 8748 win- 
dow to prevent unintentional erasure. 



When erased, bits of the 8748 Program 
Memory are In the logic "0'*'^i^#;' "'^'^ 

The recommended erasure procedure for 
the 8748 is exposure to shortwave ultra- 
violet light which has a wavelength of 2537 
Angstroms (A). The integrated dose (i.e., UV 
intensity X exposure time) for erasure 
should be a minimum of 1 5W-sec/cm2. The 
erasure time with this dosage is approxi- 
mately 15 to 20 minutes using an ultraviolet 
lamp with a 12000MW/cm2 power rating. 
The 8748 should be placed within one inch 
from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this 
filter should be removed before erasure. 



Th# Prtii*m/Verify sequence is: 

1. Vdd = 5v, Clock a pplied or internal 
oscillator operating, Reset = Ov Test = 
5v, EA = 5v, BUS and PROG floating 

2^. frsert 8748 in programn'iing socket 

3. Test = Ov (Select Program Mode) 

4. EA = 23V (Activate Program IVIode) 

5. Address applied to BUS and P20-1 



6. Reset = 5v (Latch Address) 

7. _6iala applied to BUS 

8. _¥i0D .= MS» XPr!ogrammlng Poyvei:) . . 

9. PROG = Ov followed by one 50ms piilse 
to 23V 

10. Vdd = 5v 

11. TEST = 5v (Verify IVIode) 

12. Read and Verify Da:M on BUS"' 

13. TtSTO = Ov 

14. = Ow and repeat from Step 5 

15. Programmer should be at conditions of 
Step 1 when 8748 is removed from socket 



2.4 Test and Debug 

Several MCS-48 features described In the 
previous sections are discussed here to 
emphasize their use in testing IVICS-48 
components and in debugging MCS-48 
based systems. 

2.4.1 Single Step 

Single step circuitry within the micro- 
computer in combination with the external 
circuitry described in Section 2.1.13 allows 
the user to execute one instruction at a time 
whether the instruction is one or two cye/es 
In length. After ppmpletion of the instruction 
the processor halts with the address of the 
next instruction to be fetched available on the 
eiigtjj:..l|nes of BUS and the lower 4-bits of port 

2:,;,;Tr.-%; " "■ . 



P23 
P22 
P21 
P20 
DB7 
DB6 
DBS 
DB4 
DBS 
DB2 
DB1 
DBO 



All 
Aio 
A. 



ADDRESS OUTPUT DURING SINGLE STEP 

This allows the user to step through his 
program and note the sequence of instruc- 
tions being executed. 

While the processor is stopped, the 1/0 
information on BUS and the 4^bits of port 2 is, 
of course, not available. 1/0 information is, 
however, valid at the leading edge of ALE and 
C£in be latched externally using this signal if 
necessary. 

2.4.2 Disabling internal Program iMemory 

Applying +5V to the EA (external access) pin 
of the MCS-48 microcomputers allows the 
user to effectively disable internal program 
memory by forcing all instruction fetches to 
occur from an external memory. This 
external memory can be connected as 
explained in the section on program memory 
expansion and can contain a diagnostic 
routine to exercise the processor, the internal 
RAM, the timer, and the I/O liftes, ^should 
be switcfigd only .when the processor is in 
RESET.' 

2.4^3 Readtng fiifefiial Program Memory 

Just as the processor may be isolated fr'om 
internal program memory using EA, program 
memory can be read independent of the 
processor using the verification mode des- 
cribed in the previoi|Ssection,,Prograjnming/ 

''''■-•pi«5i|tlptn.:.'. ' ' ,:' 
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The processor is placed in the READ mode 

by applying a high voltage (+23V for the 
8748, +12V for the 8048/8049) to the EA pin 
and +5 V to the TO (8748 only) Hnpiiit tpin. 
RESET must be at OV when voltage is ap- 
plied to EA. The address of the location to 
be read is then applied to the same lines 
(TTL levels) of BUS and Port 2 which output 



the address during single step (see below). 
The address is latch ed by a "0" to "1" 
transitio n on RESET and a high level on 
RESET causes the contents of the program 
memory location address ed to a ppear on 
the eight lines of BUS. RESET must be 
brought back to OV before leayifig the 
READ mode. 



S048 
8748 
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8021 Functional Specifications 

The following Is a functional description of 
the major elements of the 8021. 

g,5 .JPrqgrai^, Memory 

Trtfe ogggr • c«rt%i'ns "1 IC' x" 8 ot" mWk. 
programmable ROM. No external PtoM 
expansion capability is provided. 

2.6 Data IVIemory 

A 64 X 8 dynamic RAM is located on chip for 
data storage. All locatiofiS are indirectly 
addressable and eight designated locations 
are directly addressable. Also, jrretcrcted-rn 
the memory is the address stack! addressed, 
by a 3-bit stack pointer. 

Memory is organized as shownin Figure 1 !' 

The least significant 8 addresses, 0-7, are 
directly addressable by any of the 1 1 direct 
register instructions. The locations are 
readily acc§g^j|3|e for a variety of opera- 
tions with the least' number of instruction 
bytes required for their manipulation. 

Registers and 1 have another function, inf 
that they can be used to indirectly addreSs^- 

all locations in memory, using the indirect 
register instructions. These indirect RAM 
address registers, IRAR's, are especiaHyp 
useful for repetitive-type ^p^ations 0rij„ 
adjacent memoty locations. ThelhdWect 
register instruction specifies which IRAR to 
use, and the contents of the IF^AR is used to 
address a location in RAM. The contents of 
the addressed location is used during the 
execution of TF!FlfTstructib"tT Wd" may Be" 
modified. A value larger than 63 should not 
be preset in the IRAR when selected by an 
indirect register InstrQcftOTT'lRA'R'STIiay 
point to address 0-7, if desired. 

Locations 8-23 may be used as the address 
stack. The address stalbR'*§nfam§?"the pro- 
cessor to keep track of the return addresses 
generated from CALL instructions. A 3-bit 
stack pointer (SP) suppiieajU]ie..a£l)dJ3^.o£l 



return address generated. The SP to this 
pushdown stack is incremented by one 
after a return address is stored, and decre- 
mented by one before an address is fetched 
dwinga RET. The unihcremented program 
counter address is stored in the address 
stack. The stack contents is incremented 
before being loaded into the program coun- 
ter during a return from subroutine. A total 
of 8 levels of nesting is possible. The SP is 
initialized to location 8 upon RESET. Since 
each address is 1 0-bits long, two bytes must 
be used to store a single address. The SP is 
incremented and decremented by one, but 
each increment or decrement moves the 
address pointed to by two. Therefore, only 
even numbered addresses are pointed to. 

If a particular application does not require8 
levels of nesting, the unused portion of the 
stack may be used as any other indirectly 
addressable scratchpad location. For ex- 
ample, if only 3 levels of subroutine nesting 
are used, then only locations 8-13 need be 
reserved! the address stack, and loca- 
tions 14-63 can be used forjdata storage. 



INDIRECTLY 
ADDRESSABLE 
BY* 
IRARO OR 1 



CAN BE USED 
FOR ADDRESS 
> STACK 



DIRECTLY 
ADDRESSABLE 



the locations to be loaded with the next FIGURE 1. INTERNAL RAM ORGANIZATION 
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2.7' Oscillatof arid Clock 

The 8021 contains its own onboard oscilla- 
tor and clock circuit, requiring only an 
external timing control element. This con- 
trol element can be a crystal, inductor, or 
clock in. The capacitor normally required in 
inductor timing control operation is inte- 
grated onto the 8021 . All internal time slots 
are derived from the external element, and 
all outputs are a function of the oscillator 
frequency. Pins XTAL1 and XTAL2 are used 
to input the particular control element. An 
instruction cycle cbhsists of 10 states, and 
each state is a time slot of 3 oscillator 
periods. (See Figure 2) Therefore, to obtain 
a 10 usee instruction cycle, a 3MI-lz crystal 
should be used. An oscillator frequency of 
approximately 3MHz may also be obtained 
by connecting a 470 /iH inductor between 
XTAL1 and XTAL2. Note that the required 
inductance may vary and should be adjust- 
ed as necessary. 



The 8021 utilizes dynamic RAM and certain 
other dynamic logic. Due to the clocking 
required with dynamic circuits, the oscil- 
lator frequency must be equal to or greater 
than 600K Hz, or improper operation may 

2.8 Timer/Event Counter 

The 8021 has internal timer/event counter 
circuits that can monitor elapsed time or 
count external events that occur during 
program execution. The circuit has an 8-bit 
binary up-counter that is presettable and 
readabfeAAfith two MOV ihstructions. These 
instructions transfer the contents of the 
accumulator to the counter and vice-versa. 
The counter content is not affected by 
Reset, and is initialized solely by the MOV 
T,A instruction. The counter is stopped by a 
RESET or STOP TCNT instruction and 
remains stopped until started as a timer by a 
STRT T instruction or as an event counter 
by a STRT CNT instruction. Once started, 
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the counter increments to its maximum 
count (FF>, and overflows to zero. The count 
continues until stopped by a STOP TCNT 
ji:^^,tij9n- Of" RESET. The increment frf»o[( 

overflow flag. The state of the overflow flag 

is testable with the conditional jump in- 
struction JTF. The flag is reset by JTF but 
not by executing a RESET, unlike the 8748. 
By a MOV T,A instruction, the contents of 
the accumulator are loaded to the timer. At 
thejSTPT T command an InternakfWsealeif 
is zeroed and thereafter increments once 
each 30 input clocks (once each single 
cycle instruction, twice each double cycle 
instr,ucti9g),.,TI)e prescaler is a divide by 32. 
At tl?«i<|il(iH|.1 )tto (000001 trtn^itiw itl?©ti fner 
is incremented. The tinii^i?i|si §Tbits aftd an 
overflow (FFH) to (OOH) timer flag is set. A 
conditional branch instruction (JTF) is 

gy^^ia^l^jfpEA^ting this fl^,J(he,fJaa being 
res^aac^;testrT(^l count eapaortyforthe 

timer is 28 x 25 = 8192 or 81.9 msec at a 10 
fxsec cycle time. Contents of the timer are 
moved to the accumulator by the MOV A,T 
instruction without disturbing the counting 
prodessr.-The-thrrer stops upon the STOP 
TCNT instruction. 

The STRT CNT instruction connects the T1 
input pin to the event counter input and 
enables the counter. Subsequent high-to- 
low transitions on T1 increment the 
counter. The niaximum tatfitaL'Which the 
cou nter ean incre ment is once per three 
instr'u'diion' cyfcles " ©0'/iS~fbr' a S~Wffz 
oscillator). There is no minimum frequency. 
T1 input must remain high for at least 500ns 
after each transition. The event counter is 
stopped by a STOP TCNT instruction. 

2.9 Input/Output Capabilities 

The 8021 I/O configurations are highly 
flexible. A number of different configur- 
ations are possible, tailoring an 8021 to a 
given task. Other than the power supply 
and dedicated pins, all other pins (20) can 
be used for input, output, or both, 
depefvdjng on the configuration. 

All ports are quasi-bidirectional to facili- 
tate stand-alone use. A simplified sche- 



matic of the quasi-bidirectional inter- 
face is shown in Figure 3. This con- 
figuration allows buffered outputs, and 
a\so allows external input. Data written to 
tb^e ports is statically latched and remains 
unchanged until rewritten. As input ports 
these, , lines are non-latching, i.e., inputs 
naust -lj(^)fRfes,e,nt until read by an input 
instruction. JlA/heh wViting^a^O" or low value 
to these ports, the large pulldown device 
sinks an external TTL load. When writing a 
"1", a large current is supplied through the 
large pullup device to allow a fast data 
transfer. After a short time (less than one 
instruction cycle), the large device is shut 
off and the small pullup maintains the "1" 
level indefinitely. However, in this situation, 
an input device capable of overriding the 
small amount of sustaining current sup- 
plied by the pullup device can be read. 
(Alternatively, t(ie data written can be read). 
So, by writifjg ..^ "1" to any particular pin, 
that pin cari serve either as a.true high-level 
latched output pin, or as just a pullup 
resistor on an input. This allows maximum 
user flexibility In selecting his input or 
— latched output pins, with a minimum of 
external components. 

Port 00-07 Is also quasi-bidirectional, 
except there is no large pullup device. As 

outputs, this port is essentially open drain. 

By mask option the small pullup devices on 
P00-P07 may be deleted on any pin 
providing a true open drain output. This Is 
useful in driving analog circuits and certain 
loads, -such as keyboards. 




INPUT BUFFER 



FIGURE 3. QUASI-BIDIRECTIONAL 
PORT STRUCTURE 
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2.9.1 T1 Input 

The 8021 T1 input line can be used as an 
input for tine following functions; 

• Event Counter (external input) 

• Test input for branch instructions 

• Zero voltage crossing detection 

The operation of f 1 as An Input to the Event 
Counter Is described In -the Timer/Event 
Counter section. When used as a test input, 
theJTI andJNTI instructlonstestforl and 
levels, respectively. 

The T1 pin can also be used to detect the" 
zero crossing of slowly moving AC signals 
(60 Hz). The self-biasing circuit shown in 
Figure 4 permits the Test 1 input to detect 
when the input voltage crosses zero within 
±5%; the voltage is then coupled through 
a I.O^if capacitor. Maximum input voltage is 
SV peak-to-peak. The zero cross detection 
Is especially useful In SCR control of 60 Hz 
power and In developing time-of-day and 
other timing routines. As a ROM mask 
option there is a pullup resistor that Is 
useful lorswlioh'teonlact Input or stan#8fd 

TTL. i'3l.jini.i.;j/\ 

2.9.2 High Current Outputs ^ y^.. - 
Vefy {^gh current drive Is destrablie tor 



(a) ZERO CROSS DETECT 



EXTERNAL 
CAPACITOR 



j: ■'.B;nioq ^063? 



minimizing external parts required to do 
high power control. PIG and P11 have been 
dBsrgnated high drive outputs capable of 
sinking 7mA at Vss + 2.5 volts. (For clarity, 
this is 7mA to Vss with a 2.5 volt drop across 
the buffer.) These pins may, of course, be 
paralleled for 1 4mA drive if tl:ie output logic 
states are always the same. 

^^.3 Expartdied I/O 

The 8021 can be used with the 8243 I/O 
expander chip, vyhlch providers additional 
i/0 capability With a limited number of 
overhead pins. This chip has 4 directly 
addressable 4-bit ports. It connects to the 
PROG pin, which provides a clock, and pltj^ 
P20-P23, which provide address and data. 
These ports can be written with a MOVD 
P,A; ANLD P,A; and ORLD P,A for Ports 4-7. 
A high to low transition on PROG signifies 
that address and control are available on 
P20-P23. The previous data on P20-P23 
before an output expander Instruction Is 
lost. Therefore, when using an output 
expander P20-P23 are not useful for 
general input/output. Reading is via the 
MOVD A, P. This circuit configuration is 
shown in Figure 5. The timing diagram Is 
shown In Figure 6. 

The 8021 can also use standard low cost 
TTL to expand the number of I/O lines. An 
example is shown in the ApplldatiOns 
section. 
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FIGURE 4. TEST 1 PIN 



FIGURE 5. I/O EXPANDER INTERFACE 
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FIGURE 6. EXPANDED I/O TIMING DIAGRAM 



2.10 CPU 

The 8021 CPU has arithmetic and logical 
capability. A wide variety of arithmetic and 
logic instructions may be exercised,. which 
affect the eoMents of the «ccumulatof, 
and/or direct or indirect £;cratchpad loca- 
tions. Provisions have been made for 
simplified BCD arithmetic capability using 
Jh«iOA>^,^^AP A, and XGHQ. instructions. 
In addition, MOVP A,@A' allows table 
lookup for display formating and constants. 
The conditional branch logic within the 
processor enables several conditions inter- 
nal and external to the processor to be 
tested by the users program. U^e the 



'Conditional Jump, instructions with the tests 
liit^ below to eiFfect a-bhahge in the 
program execution sequence. 



Juitiis 
Condlttoii 



■ 'Jump 
liHlhttflons 



Accumulator A=0 A*0 JZ JNZ 

Carry Flag 1 , JC 

Timer Overflow Flag — 1 JTF 

Test Input-TI 1 JNTI.JTI 

2.11 Reset 

A positive-going signal to the RESET input 
resets the necessary miscellaneous flip- 
flops and sets the program counter and 
stack pointer to zero. 
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8022 Functional Specifications 

The 8022's architecture is based upon the 8021, 
and many functions of the two parts are Identical. 

2.12 ProipaiihiMeinory^ o. m r v - - • 

The 8022 pt^gr^e memory consists of 2048 
words 8 bits wide which are addressed by the 
program counter. TTie memory is ROM which is 
mask programmable at the factory. No external 
ROM expansion capability is provided. There are 
three locations in program memory of spedtett ini' 
portance. 

Location 0: Activating the RESET line of the pro- 
cessor causes the first instruction to 
be fetched from location 0. 

Location 3: Activating the interrupt input line 
(TO) of the processor (if interrupt is 
enabled) causes a jump to subrou- 
tine. 

Location 7: A timer /event counter interrupt re- 
sulting from a timer /counter over- 
flow causes a jump to subroutine (If 
timer /counter interrupt is enabled). 

Therefore, the first instruction 1o be executed 
after initialization is stored in location 0, the first 
word of an external interrupt service routine is 
stored in location 3, and the first word of a timer- 
/ event counter interrupt service routine is stored 
iffjocsttion 7. ■ > 



in;. 



aM7 


.' ■ ' ■}' •'■ '■ 






B 




7 




6 
5 
4 




3 




a 

1 




-■MP. 


Tt«t;SI4t3l2l1IO 
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Program memory can be used to store constants 
as well as program instructions. Tlie MOVP in- 
struction allows easy table lopkup for constants 



2.13 Data Memory 

On-chip data memory is organized as 64 words 
eight bits wide. All locations are indirectly addres- 
sable and eight designated locations are directly 
addressable. Also included in the data memory is 
the program counter stack, addressed by a S^it 
stack pointer. 

The first eight locations (0-7) of the array are 
designated as working registers and are directly 
addressable by any of the 1 1 direct register 
instructions. These locations are readily accessi- 
ble for a variety of operations with a minimum num- 
ber of instruction bytes required for their 
manipulation. Thus, they are usually used to store 
frequently accessed intermediate results. The 
DJNZ instruction makes very efficient use of the 
working registers as program loop counters by al- 
lowing the programmer to decreni|arit^d,tDSt|t]p» 
register in a single instruction. 

Registers and 1 have yet another function in that 
they can be used to indirectly address all loca- 
tions in the data memory using the indirect register 
insVljotlonS; Thede two RAM pointer registers are 
especially useful for repetitive-iype operettons on 
adjacent memory locations': The tndireet register 
instruction specifies which register is used to ad- 
dress a location in RAM. The contents of the ad- 
dressed location are used during the execution of 
the instruction and may be modified. The pointer 
registers rnay ^Iso point to registers 0-7, if de- 
sired. 

■ li,. ' ■ 

Locations 8-23 serve a dual role in that they con- 
tain the 8-level program counter stack, two RAM 

locations per level. The program counter stack en- 
ables the processor to keep track of the return 
addresses generated by interrupts or CALL 
instructions by storing the contents of the program 
counter prior to servicing the subroutine. A 
stack pointer determines which of the program 
counter stack'^te^ht register pair^ Witlbe kiaded 
with the next return address generated. The stack 
pointer, when initialized to 000 by RESET, points 
to RAM locations 8 and 9. The first subroutine 
CALL or interrupt results in the program counter 
contents being transferred to locations 8 and 9. 
The stack pointer is then incremented by one and 
points to locations 10 and 1 1 in anticipation of an- 
other CALL. The end of a subroutine, which is sig- 
naled by a return instruction (RET or RETI), 
causes the stack pointer to be decremented and 
the contents of.tfee resulting register pair to^fi© 
tran^erred to the program counter. i^izyvj 
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Unlike the 8048, in the 80212 the unincremented 
program counter address Is stored in the address 
stack. The stack contents are then Incremented 
b9fQreiJ3fingJpefilt«l into the progratn counter dur^ 
iflg/ft^ratUW^lETH^om subroutif«ay:<Hovi($eyer,, dur- 
ing a return (RETI) from Interrupt, the.atacH 
contents are loaded directly into the program 
counter. This difference makes it imperative to 
use only RETI's to return from interrupts, and 
RET's to return from ^ibrbutines. 

Since the program counter's addresses are 1 1 
bits long, two bytes or registers must be used to 
store a single address. Thus, the 16-byte program 
counter stack permits up to a total of 8 levels of 
subroutine nesting without overflowing the stack. 
If overflow does occur, the deepest address 
stored (locations 8 and 9) will be overwritten and 
lost since the stack pointer overflows from 1 1 1 to 
000. It also underflows from 000 to 1 1 1 . If a par- 
ticular application does not require 8 levels of 
nesting, the unused portion of the progam counter 
stack may be used as any other indirectly addres- 
sable RAM location. For example, If only 3 levels 
of subroutine nesting are used, then only locations 
8-13 need be reserved for the program counter 
stack, and locations 14-23 can be used for data 
storage. ^.t. ;•* c -j >j-i.; !ioif-xf;)?.i;i 

■■ 'CiLoSX;? ijr.f ■ [ " ■ ^ 




2.14 Oscillator and Clock 

The 8022 contains its own on-board oscillator and 
clock cireult. requiring only an external timing con- 
trdl ilifi^r#^iaPeoritrol element can be a cry- 
stal, inductor, ^ jg^eR. AirirMmal time slots are 
derived from tti^'Wxfilrnal element, and all outputs 
are a function of the oscillator frequency. An in- 
struction cycle consists of 10 states, and each 
state is a time slot of 3 oscillator periods. There- 
fore, to obtain a 10^ instruction cycle, a 3 MHz 
efymif 'Mhbm^ iieed. The minMum rnstrubtldn 
cycle time 6ttt'M p^Sic correspdfids to i 3.58 nrfHz 
crystal. ' ' • 



2.15 Timer/ Event Counter 

Like the other MCS-48 microcomputers, the 8022 
Hfi^ luff Int^af timer /event counter. TTiis circuit 

can monitor elapsed time or count external events 
that occur during program execution. 

Seerfh^ 8@21 description, SeeHoit2ie, for a com- 
plete exptsnation. 

The 8022 has 26 lines which can be used for digi- 
tal input or output functions. These lines are orga- 
nized as 3 ports of 8 lines, each of which serve as 
either inputs, outputs, or bidirectional ports, and 2 
test inputs which can alter program sequences 
when tested by conditional jump instructions. 

Ports 1 and 2 have identical operating character- 
istics and are both quaai-bidleectionc^. That is, 
each line may serve as an Input, ah output, or 
both. Data written to these ports is statically 
latched and remains unchanged until rewritten. As 
inputs, these lines are non-latching; i.e., inputs 
must be present until read by an input instruction. 
Inputs are fully TTL compatible and all outputs will 
drive at least one standard TTL load. See Section 
2. 1 .4 for a more complete description of the qua- 
s^-bklirectional structure. 

2.16.1 Port Comparator Inputs 

Port has been modified from the standard quasi- 
bldlrectlonal structure to allow an optional open 
drain configuration with comparator inputs. The 
low impedance pullup device has been eliminated 
and the high impedance pullup is optional. Thus, 
the user can choose via a mask programmable 
selection each line of port to be either quasi-bi- 
directional with a high impedance or true open- 
drain. The open drain configuration allows the line 
to sink current through the low impedance pull- 
down device or to float in the high output state. 
More importantly, the open ^rain configuration 
makes port very easy to driv6 when it is used as 
inputs. The input circuitry for each line of port 
includes a voltage comparator which amplifies the 
voltage difference between the input port line and 
the port threshold reference pin (Vjh)- The volt- 
age gain of the comparator is sufficient to sense a 
100 mV input differential within the range Vss to 
Vcc/2. 

If Vth is allowed to float, it will bias itself to the 
digital switch point of the other ports, and port 
behaves as a set of normal digital Inputs. Howev- 
er, by biasing Vth, the switch point can be both 
tightly controlled and adjusted. Common uses for 
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this would include high noise margin inputs 
(Vcc/2), unusual logic level inputs as from a diode 
isolated keyboard, analog channel expansion, and 
direct capacitive touchpanel interface. The com- 
parator action is autonDatiC|^^j^port is read 
just as any other port. 

2.16.2 High Current Outputs 

Very high current drive is desirable for minimizing 
external parts required to do high power control. 
P10 and P1 1 have been designated high drive out' 
puts capable of sinking 7mA at \/ss + 2.5 volts. 
(For clarity, this is 7mA to Vss with a 2.5 volt drop 
across the buffer.) These pins may, of course, be 
paralleled for 14mA drive if the output logic states 
are always the same. 

2.16.3 Expanded I/O 

In addition to the 26 digital I/O lines contained on- 
board the 8022, a user can obtciin additional I/O 
lines by utilizing the Intel® 8243 I/O expander chip 
or standard TTL. The 8243 interfaces to 4 port 
Ones of the 8022 (lower half of port 2) and is 
strobed by the PROG line of the 8022. 

The interface procedure is exactly the same as 
Wf0 the 802tr^&^ ^Section 2.9.3. 

2.17 Test and Interrupt Inputs 

In addition to the 24 general purpose I/O lines 
which comprtee titorts 0, 1, and 2, the 80132 has 
two inputs which are testable vi£i conditional jump 
instructions, TO and T1 . These pins allow inputs to 
cause program branches without the necessity to 
load an input port into the accumulator. TO and T1 
have other functions as well. 

The Test pin serves as an exiernal interrupt in- 
put as well as a testable input. An interrupt se- 
quence is initiated by applying a low "0" level input 



to the TO pin when external interrupt is enabled. 
Interrupt is level triggered and active low to allow 
"WIRE ORING" of several interrupt sources at the 
input pin. When an interrupt is detected, it causes 
a "jump to subroutine" at location 3 in program 
memory as soon as all other cycles of the current 
instruction are complete. At this time, the program 
counter contents are saved in the program 
counter stack, but the remaining status of the pro- 
cessor is not. Unlike the 8048, the 8022 does not 
contain a program status word. Thus, when ap- 
propriate, the carry and auxiliary carry flags are 
saved in software, as is the accumulator. The rou- 
tine shown below saves the accumulator and the 
carry flags in only four bytes. 

ImtnicUoM Bytu CommenU 

' MOVm.A t ;8ave accumulator 

CLR A 1 ;clear accumulator 

DA A 1 iconvert carry flags into sixes . 

MOV R7,A 1 :save status of carry flags 

The end of an interrupt service subroutine is 
marked by the execution of a Return from Interrupt 
instruction (RETI). Prior to returning from the inter- 
rupt subroutine, however, the Stsftuis of the accu- 
mulator and the carry flags are restored in 
software. The following routine restores the sta- 
tus of the accumulator and the carry flags, which 

was previously saved, in five bytes. 

■■' .■ ■' ft,! ' •. m i. ai. c,:. 

ImtrueUom Byte* Comments 

MOV A,R7 1 :reetore carry flags status to 

Add A,#OAAH 2 :accumulator and aet/clear carry flags 

MOV A,Re 1 ;restore accumulator 

RETI 1. 1 ;return 

The interrupt system is single level in that once an 
interrupt is detected, all further interrupt requests 
are ignored until execution of a RETI re-enables 
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the interrupt input logic. This sequence holds true 
also for an internal interrupt generated by timer 
overflow. If an external interrupt and an internal ti- 
mer/counter generated interrupt are detected at 
the same time, the external source will be recog- 
nized. If needed, a second external interrupt can 
be created by enabling the timer /counter inter- 
rupt, loading FFH in the counter (one less than ter- 
minal count) and enabling the event counter mode. 
A low-to-high transition on the T1 jnput will then 
cause an interrupt vector to location 7. 



AC SOURCE X'^ 

I ZERO CROSS 

I ±5- I I ■ 




8022 

INTERPRETATION 



AC SOURCE 



TO ti;event counter 



ZERO-CROSS DETECTION 



The T»st ^ pin, in addition to being a testable in- 
put, serves two other important functions. It can 
be used as an input pin to the external event 
counter, as previously mentioned, and it can be 
used to detect the zero crossing point of slow 
moving AC signals. Execution of the STRT CNT 
instruction puts the T1 pin in the counter input 
mode by connecting T1 to the counter and en- 
abling Vne counto'. Subsequent low-to-high transi- 



tions on T1 will cause the counter to increment. 
Note that this operation differs torn th^vgst of the 
MCS-48 devices, which increment the Qounter on 
high-to-low transitions. This change wasmade on 
the 8022 to take advantage of the accuracy of the 
rising edge detection on the zero cross circuitry. 
The maximum rate at which the counter may be 
incremented is once per three instruction cycles 
(every 30^ when using a 3 MHm crystal) — there 
is no minimum frequency. 

In addition to serving as a testable input and as the 
counter input, the T1 pin has special circuitry to 
detect when an AC signal crosses its average DC 
level. When driven directly, this pin re9ppnds..as a 
normal digital, input. To utilize, the zero cross de^ 
tection mode, an AC signal of approximately 1-3 
VAC p-p magnitude and a maximum frequency of 
1 kHz is coupled through an external capacitor (1 
nF) to the T1 pin. 

The internal digital state is sensed as a zero until 
the rising edge crosses the DC average level, 

when it becomes a one. This is accomplished by 
the self-biasing high gain amplifier which is includ- 
ed in the T1 input. This circuit biases the T1 input 
exactly at its switching point, such that a small 
change will cause a digital transition to occur. This 
digital transition takes place within 5 degrees of 
the zero point. The digital value of T1 remains a 
one until the falling edge o* the AC input drops ap- 
proximately 1 00 mV below the switching point of 
the rising edge (100 mV below the zero point, if 
the digital transition occurred exactly at the zero 
point). The 100 mV offset is created by hysteresis 
and eliminates chattering of the internal signal 
caused by^f^^cternal h^^. 
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The zero cross detection capability allows the 
user to make the 60 Hz power signal the basis for 
this system tiping, All timing, /pi^tinf^ incljUjjjrvi 
time-of-day, can tie implemented using thie zero 
cro85(detection capability of T1 and its conditional 
jump instructions. In addition, the zero cross de- 
tection feature can be used in conjunction with the 
timer interrupt to interrupt processing at the zero 
volt«^ge,pplnt. This enables the user to control volt- 
age phase sensitive devices such as triacs jand 
SCRs, and to use the 8022 in applications such as 
shaft speed and angle measurement. 

Analog to Digital Converter 

TTie 8022 contains on-chip a complete hardware 
implementation of an 8-bit analog to digital (A/D) 
converter with two multiplexed analog inputs. The 
A/D converter utilizes a successive approxima- 
tion technique to provide an updated conversion 
once every four instruction cycles .vtgth a inininjuDi 
of required software. 

The A/D converter consists of four main parts, 
the input circuitry, a series string of resistors, a 
voltage comparator, and the successive approxi- 
mation logic. The two analog inputs are multi- 
plexed on-chip and selected via software by the 
SEL ANO and SEL AN 1 instructions. Besides se- 
lectjng one of the analog inputs, these instructions 
rei^ai^ the conversion sequence which operates 
continuously. Restarting a conversion sequence 
deletes the conversion in progress but does not 
affect the result of the previous conversion which 
is stored in the conversion result register. The 
continuous operation of the A/D converter saves 
program space and time by allowing the user ob- 
tain multiple readings from a given input with only 
one select instruction. To obtain a valid conversion 
reading, the user must provide the analog input 
signal no later than the beginning of the select in- 
struction cycle. The analog input is then sampled 
by the A/D converter and maintained internally. 
This voltage becomes one input to the voltage 
comparator which amplifies the difference be- 
tween the analog input and the voltage tap on the 
series resistor string. 

The series resistor string is connected between 
the A/D reference pin (Varef) and ground 
(AVss)- It is comprised of 256 identical resistors 
which divide the voltage between these two pins 
into 256 identical voltage steps. Tliis configuration 
gives the converter Its Inherent monotonicity. The 
range of Varef >n which full 8-bit resolution can be 
provided is b^een and Vcc- 



Thus, the user is given a minimum voltage range 
from ground to Vcc/ 2 and a maximum range from 
ground to Vcc over which 8-bit resolution is in- 
sured. 

The voltage tap on the series resistor string Is se- 
lected by the resistor ladder decoder. This decod- 
er is driven by the 8-bit successive approximation 
register (SAP). Each bit of the SAP is set in suc- 
cession, MSB to LSB, and a voltage comparison 
between the selected resistor ladder voltage and 
the analog input voltage is performed after the set- 
ting Of eaOh'bit. The result of each comparison de- 
termines whether the particular bit will remain set 
or be reset. All compariiaohs otB'paf&frmi tajto- 
matically by the on-chip A/D hardware. At the end 
of 8 comparisons the SAP contains a valid digital 
result which is then latched into the conversion re- 
sult register (CRR). The RAD instruction (read 
A/D) loads the conversion result from the CRP to 
the accumulator of the 8022. 



ANALOQ MULTIPLEXER 




INTERNAL BUS 



A/D CONVERTER BLOCK DIAGRAM 



As mentioned previously, the software and time 
required to perform an A/D conversion is opti- 
mized by the 8022's on-chip A/D converter con- 
figuration. Typical software for reading two 
sequential A/D conversions and storing them in 
data memory is shown below: 
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nc\f 



MOV@RO,A 

40 MS RAD 
3 bytes 



aceumuiatbr >i- '- t 

;Store first conversion value 
'1Mc^^Ar'<ineHfory^tdi<«fen 
:Second convertlon value to 
accumulator 



Note that the second conversion occurs without a 
second select instruction being used. Rather, the 
continuous operation of the A/D converter pro- 
vides an updatf^ cj^ital ysSiie 4 instruction. QVQles 
after the first. ' , . 

To insure maximum accuracy from the A/D con- 
verter, separate power supply pins (AVcc and 
AVss) and a substrate pin (SUBST) have been 
provided. Supplying the power supply pins with a 
W& Jiitf»WA>Wli regulated vglt^e sugply mjni- 

system noise. The .^%tr^ m'^<f!lmM;fm IWr 
passed to ground through a 500 ff to 0.001 fiF 



2.19 CPU , > 

The 8022 CPU has arithmetic and logical capabili- 
ty. There is a wide variety of arithmetic-and logic 
instructions which,,f^(^il;^e contents of the accu- 
mulator, and /or direct or indirect scratchpad lo- 
cations. Provisions have been made for simplified 
BCD arithmetic capability using the DAA, SWAP 
A, and XCHD instructions. In addition, MOVP 
A,@A allows table lool^up for dj^f^ formating 
and cons^wits. jnie conditional braeek'lqgic within 
the processor enables several Gondp3F|s~lrtemilj 
and eNtemcri'to the proces4or t9 blTt^tied I 




user's program. Use the conditional jump Instruc- 
tions with the tests listed below to effect a change 
in the program execution sequence. 



Test 



Jump 
Condition 



Jump 
instructions 



Accumulator . 
Carry Flag 
Timer Overflow Flag 
Test input-TI 
Test input-TO 



A-p Aito 

— 1 
1 
1 



JZ JNZ 
JNC. JO 
JTF 

j?irri, JT1 

J*ffO,<IT6 



2.20 8022 Testing and Debug 

To facilitate testing and debug, certain test modes 
may be activated in the 8022 by raising combina- 
tions of RESET, TEST 1 and PROG to 15 volts. 
Internal RQM is dumped out sequentially for verifi- 
cation. External memory operation is used for 
CPU checl^out. 



iMW rr0« lil*t i~ Cam 



5V 

ov 

15V 



X 

x 

15V 



X 
X 
ISV 



16V 15V JT-. Mode lb 



FuncOon 

PovrarOn CUnr 

Normal Operation ' - 
On each cycle internal BOM is 
dumped to Port — sequentially 
after ALE leading edge. 
On every TEST 1 falling edge 
tile program counter incre- 
ments, dumps internal ROM to 
Port 

Chip will operate from external 
memory (one page) via Port 0. 
ALE strobes Address out, mem- 
ory in. 

Chip accepts op codes into 
Port 1. Allows Port and 8243 
testing. 



S( o'filsrimSniode - 



v:!,. • ■ 
at 



between OV and V^c 



ID'S!- 



2-30 













The Expanded 
MCS-48" System 


1 


























































































































1 
































































































I 
[ 






























i 



f 



THE EXPANDED 

. -. ' „,.^ ' 

3.0 Summary ; ' - 

If the capabilities resident on the single- 
chip 8048/8049, 8748, or 8035/8039 are not 
sufficient for your system requirements, 
special on-board circuitry allows the 
addition of a wide variety external memory, 
I/O, or special peripherals you may require. 
The processors can be directly and simply 
ex;pitnftle^ iR,tl5^-,fQl(9wing..)6ireas;o . - 

^ftS^fti i/lferridry to 4K words 

• Data Memory to 320 words (384 words 
with "8049) 

"'• I/O by unlimited amount f^; -)' h- . - ni'*- 

• Special Functions using 8080/8085 
peripherals : ,r <- , 

By using bank switching techniques maxi- 
mum capability is essentially unlimited. Bank 
switching is discussed later in the chapter. 
Expansion is accomplished in two ways: 

1. Expander I/O — A special I/O Expander 
circuit the 8243 provides for the addition of 
four 4-bit Input/Output ports with the sac- 
rifice of only the lower half (4 bits) of port 2 
for inter-device communication. Multiple 
8243's may be added to this 4-bit bus by 
generating the required "chip select" lines. 

2. Standard 8085 Bus— One port of the 
8048 is like the 8 bit bidirectional data bys 
of the 8085 microcomputer system allow- 
ing interface to the numerous standard 
memories and peripherals of the MCS- 
80/85 mIcFOC&iffipUter famtly.: v^i-t 

MCS^B systems can be configured using 

either or both of these expansion features to 
optimize system capabilities to the application. 
Both expander devices and standard mem- 
peripherals pan be added in virtually 
any number and combination required. 
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SrfExpfansion of Program Memory 

Program Memory is expanded beyond the 
resident 1K or 2K words by using the 8085 

BUS feature of the MCS-48. All program 
memory fetches from addresses less than 
1024 •<g048) ^dccur internally with no 
external signals being generated (except 
ALE which is always present). At address 
1024 the 8048 automatically initiates exter- 
nal program memory fetches. 

3.1.1 Instruction Fetch Cycle (External) 

For all instruction fetches from addresses 

of 1024 (2o4^^^m^tmM(ik>imiS'9^ 

occur: 

1. The contents of the 12 bit program 
counter will be output on BUS and the lower 
half of port 2. 

2. Address Latch Enable (ALE) will indi- 
cate the time at which address is valid. The 
trailing edge of ALE is used to latch th^ 

address externally ' ' ' ^ '^ - 

3. Program Store Enable (PSEN) indicates 
that an external instruction fetch is in prog- 
ress, and serve3 to enable the externa! 

-'^Fnennery deviceTp . ; „.^^ 

4. BUS reverts to input (floating) mode 
and the processor accepts its 8 bit 
contents as an iristructtiiSh word. 

■ • .■■ ■ - • one; ... ^ ■ 

A^ll Jnstruction fetches including jjiter-nal 
addresses can be forced to be external by 
activating the EA pin of the 8048/8049. The 
8035/8039 processors without program 
memory alvyays operate in the external 
program memory mode (EA=5V). 

3.1.2 Extended Program Memory 
Addressing (Beyond 2K) 

For programs of 2K words or less, the 
8048/8049 addresses program memory in 
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Conventional Program Counter 

• Counts OOOH to 7FFH 

• Overflows 7FFH to OOOH 

JMP or CALL Instructions tranafor contanta of 

internal flipflop to A-a 

• Flipflop set by SEL MB1 

• Flipflop reset by SEL MBO 
or by RESET 

During Interrupt service routim 
A^i is forced to "0" 

All T2Mti.«(«wiv«l!l|r*tack 



iM''Dewv#ftiohal manner. Addresses be*' 
yond 2047 can be reached by executing a 
program memory bank switch instruction 
(SEL IVIBO, SEL MB1) followed by a branch 
instruction (JMP or CAUL). The beink switch 
feature "%*l»hdS the range of " brai^ch 
instructions beyond their normal 2K range 
and at the same time prevents the user from 

^grcMTi Mcanoiry Bank Switch 

The switching of 2K program memory banks 
is accomplished by directly setting or resetting 
the most significant bit of the program counter 
(bit 11). Bit 11 is not altered by normal incre- 
menting of the program counter but is loaded 
with the contents of a special flip-flop each 
time a JMP or CALL instruction is executed. 
This special flip-flop is set by executing an 
SEL MB1 instruction and reset by SEL MBO. 
Therefore, the SEL MB instruction may be 
executed^!a!^^tme prror'^ifi<(^^MI'<i!f^k 
switch which occurs during the next branch 
instruction encountered. Since all twelve bits 
of the program counter including bit (11) are 
^tgr^ >>?. the stack when a Call is executed, 
the user may jump to subroutines across the 
2K boundary and the proper bank will be 
restored upon return. However, the bank 
switch flipflop will not be altered on return. 

iWSt^ts always vector the program counter 
to location 3 or 7 In the first 2K bank and bit 
11 of the program counter is held at "Q" 
during the interrupt service routine. The end 
of the service routine is signalled by the 
execution of an RETR instruction. Interrupt 
service routines should therefore be contained 



PROGRAM COUNTER 

entirely in the lower 2K words of program 
rftemot'y. The execution of a SEL MBO or SiEL 
MB1 instruction within an interrupt routine is 
not recommended since it will not alter PC11 
while In the routine, but wiU change the 
internal flip flop. 

3.1.3 Restoring I/O Port Information 

Although the lower half of Port 2 is used to 
output the four most significant bits of address 
during an external program rnembry fetch, 
the I/O Information is still dutput^d during 
certain portions of each nfiachine cycle. I/O 
information is always present on Port 2 lower 
altlierisirig edge of ALE and can be sampled 
or latched at this time. 

3.1.4 Expansion Examples 

The accompanying figure shows the addition 
of three 2^08 1K X 8'EPR6iWs or tftriee 2308 
pin-compatible ROM replacements for a total 
of 4K words of program memory The BUS 
port of the 8048 is connected directly to the 
data output lines of the memories. The lower 
8 bits of address are latched in an 8212 8-bit 
latch using ALE as the strobe. The lower half 
of Port 2 provides the upper 4 bits of address 
and since these address bits laf^^^able for 
the duration of the program memory fetch, 
they do not have to be latched. Two of the 
upper address bits are connected directly to 
the address inputs of the memories while the 
f^a jficfet slpifleaht bits deibdded to 
provide the three chip selects needed. The 
PSEN output of the 8048/8748 is used to 
enable the chip seledt lines arid therefore the 
memories. 
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iX|>ANDtN6 NteS-48"' PROGRAM MEMORY i 

Also shown is the addition of 2K words of 
program memory using an 231 6A 2K x 8 
ROM to give a total of 3K words of program 
memory, in this case n o chip seiect decoding 
is required and PSEN enabies the memory 
directly through the chip select input. If the 
system requires only 2K of program the same 
configuration can be used with an 8035 
substituted for the 8048. The 8049 would 
provide 4K with the same configuration. 



MNG STANDARD MEMORY PRODUCTS 

The next figure shows how the new 8755/8355 
EPROM/ROM with I/O interfaces directly to 
the 8048 without the need for an address 
latch. The 8755/8355 contains an internal 8-bit 
address latch eliminating the need for an 
8212 latch. In addition to a 2K X 8 program 
memory the 8755/8355 also contains 16 I/O 
lines addressable as two 8-bit ports. These 
ports are addressed as external RAM; there- 
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fore, the RD and WR outputs of the 8048 are 
required. See the followlrig section on data 
memory expansion for more detail, tlie suB- 
sequent section on I/O expansioirp^lS|||', 
the operation of the 16 I/O lines. ^ 1^ , j 
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3.2 Expansion of Data Memory 

Data IVIemory is expanded beyond the resi 
dent 64 words by using the 8085 type bus 
ure of the MGS-48. 



3.2i1 Read/Write Cycle 

All address and data is transferred over the 8 
lines of BUS. A read or write cycle occurs as 
follows: 

1 . The contents of Vegi^#r RO or R1 is out- 
puted on BUS. 

2. Address Latch Enable (ALE) indicates 
address is valid. The trailing edge of ALE is 
used to latch the address externally 

3. A read (RD) or write (WR) pulse on the 
corresponding output pins of the 8048 indi- 
cates the type of data memory access in 
progress. Output data is valid at the trailing 
edge of WR and inputdata must be valid at 
the trailing edge of RD. 

4. Data. (8-bjts)^)s transferred in or out over 

Bus^ V - V . . . 



>iri-8-iBmetni na ertin..' i -g- 
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3^2.2 Addressing External Data Memory 

External Data Memory is accessed with its 
own two-cycle move instructions MOVX A, 
@'R and MOVX @R, A which transfer 8 bits of 
data between the accumulator and the ex- 
ternal memory location addressed by the 
contents of one of the RAM Poihter Registers 
RO or R1. This allows 256 locations to be 
addressed in addition to the resident 
locations. Additional pages may be added 
by "bank switching" with extra output lines of 
the 8048. 

3.2.3 Examples of Data Memory ' 
Expansion 

The accompanying figure shows how the 
8048 can be expanded using standard 256 X 
4 static RAMs such as the 2101-2 or its low 
power CMOS equivalent, the 5101. An 8212 
serves as an address latch while each 4-bit 
half of BUS Is connected directly to a bidirec- 



tional 4-bit data bus of the memories. The WR 
output of the processor controls the Read/ 
WfteMnisyt of lhe:mernortes while the data 
bus output_drivers of the memories are con- 
trolled by RD. The chip select lines of the 
memories are continuously enabled unless 
additional pages p| 1^^. are/equired. A|so 
shown is the expansion of data rfiemdfy using 
the 8155 memory and I/O expanding device. 
Since the 8155 has an internal 8-bit address 
latch it can interface directly to the 8048 with- 
out the use of an external 8212 latch. The 
8155 provides an additional 256 words of sta- 
tic data memory and also includes 22 I/O 
lines and a 14 bit timer. See the following sec- 
tioR oh I'/Oexpansien aotl it»'8lfSJiiitit^h©©t 
for more details on these additional features/. 

3.3 ExpahilQn of Input/Output 

There are four possible modes of I/O 
expansion with the 8048: one using a 
special low cost expander, the 8243; 
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another using standard MCS-80/85 I/O 
devices; and a tliird using the combination 
memory/I/O expander devices the 8155, 
9S^,mRd^WB.' IHs alsopossrbte to expand 
using standard TTL devices as shown in 
Chapter 5. 

3.3.1 I/O Expander Device 

:-,<,:.. ^ i/i .i>'. -I • : ' ■ ' 'VtC.i ■ ' 

ttteMii93t€rRident meandof I/O expansion for 

s^aHiSystems is the 8243 I/O Expander De- 
vice which requires only 4 port lines (lower 
half of Port 2) for communication with the 
8048. The 8243 contains four 4-bit I/O ports 
which serve as extension of the on chip I/O 
and are addressed as ports #4-7. The follow- 
ins QPgrj^QIs may be performed on these 

1. Transfer Accumulator to Port. . . 

2. Transfer Port to Accumulator. " 
^S. )iSNeifelhi&iatdf WPoW?^ 

f; OR Abciimdiator td Port. ' ' ' ; '^^''t 

A 4-bit transfer from a port to the lower half of 
the Accumulator sets the most significant four 



bits to zero. All communlcalidn -between the 

8048 and the 8243 occurs over Port 2 lower 
(P20-P23) with timing provided by an output 
pulse on the PROG pin of the processor. Each 
transfer consists of two 4-bit nibbles: 

The first conlaiRing the "op code" and port 
address' and'tt!ie«aGonddebntaining the actual 
4 bits of data: .. <■: 



Nibble 1 
2 1 



Nibble 2 
3 2 10 



I 



I 



Instruction 
Code 

II 

00 Read 

01 Write 

10 OR 

11 AND 



Port 
Address 

AA 

00— Port #4 

01— Port #5 

10— Port #6 

11— Port #7 



data 
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'CHIP SELECT CONNECTION IF MORE 
THAN ONE EXPANDER IS USED 
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AMgh telow transition of tiie PROG line indi- 
cates that address is present while a lojwi to 
high transition indicates the presertee of data. 
Additional 8243's may be added to the four bit 
bus and chip selected using additional output 
lines froni 1he-8048fi|74e:! i 

I/O Port Characteristics I 

Each of the four 4-bit ports. of the 8243 can 
serve as either inputior^ outDut and can pro- 
vide high drive caparalftyirrpoth the high and 
low stat^. 

3.3.2 I/O Expansfori with .Staro ii prt ' ' 
Peripherals ^ 

Standard MCS-80/85 type I/O devices may 

be added to the MCS-48 usinci the same bus 
and timing used for Data Memory expan- 
sion. I/O devices reside on the Data 
Memory bus and in the data memory 
address space and are accessed with the 
same MOVX instructions. See the previous 
section on data memory expansion for a 
description of timing. The following are a^ 
few of the Standard MCS-80 devices whIctT 
are very useful in MCS-48 systems. 



upt gnepder — 



8214 F^rj 
825f ' 



8255 General Purpose Programmable I/O 
8279 Keyboard/Display Interface 
8253 Interval Timer 

See Chapter 7 for detailed data-sl:)e@£&-on . 
these and other componerjits. i 



3.3.3 Combination Memory and I/O .^t) 
Expanders i 

As mentioned in the sections on program and 
data memory expansion the 8355/8755 and 

8155 expanders aisb cCintaifi t/O capability. 

o' -.1- *.--"rmet no ont? !•■ -.-p 

8355/8755: These two parts are ROM and 
EPROM equivalents and therefore contain 
the same I/O structure. I/O consists of two 
8-bit ports which normally reside in the exter- 
nal data memory a^fcJreiss space'Sficl'We &ti 
cessed with MOVX instructions. Associatect 
vs(ith each port is an 8-bit Data Direction Reg- 
ister which define&^ieai^ bit in the port as 
either an input or an ouiput. The data direction 
registers are directly addressable thereby al- 
lowing the user to define under software con- 
trol each individual bit of the ports as either 
input or output. All outputs are statically 
latched and double buffered. Inputs are not 
latched. 

8155/8156: I/O on the 8155/8156 is config- 
ured as two 8-bit programmable I/O ports 
and one 6-bit .pepgrammable port. These 
three register* arrtf a etjntrof/Status-regis- 
ter are accessible as external data memory 
with the MOVX instructions. The contents 
of the control .register determines the mode 
of the three ports. The ports can l be 
programmed as input or output with or 
without associated handshake communi- 
cation lines. In the handshake mode, lines 
ot-the six-bit-port. become input and out- 
-ptrt-strot)es-fortheitwo 8-bit ports. See the 
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iiiaoie iimer. I ne clock input to the timer 
^nd the timer overflow output are available 
on external pins. The timer can be pro- 
grammed to stop on terminal count or to 
continuously reload itself. A square wave or 
pulse outputron1»i'rntii£#oaM.ptnaiSii'^^ 
a^9ecitiecli*-^..tio.: ■ -i..---.u'.i-' r-', 

I/O Expansion Examples 
(See Also Chapter 5) 

The accompanying figure shows ' iW 
expansion of I/O using multiple 8243's. The 
only difference from a single 8243 system is 
f^te addition of chip selects provided by' 
additional 8048 output lines. Two output 
lines and a decoder could also be used to 
address the four chips. Large numbers of 
8243's would require a chip select decoder 
chip such as the 8205 to save I/O pirt's.' ' 

Also shown is the 8048 interface to a Stan* 
dard MCS-80>iperipherat; .In this cs^pilsffi 
8255 Prografflrnable Periphery fhterface, a 
40 pin part which provides three 8-bit pro- 
grammable I/O ports. The 8255 bus interface 

als with an 8-bit bidirectional data bus, a RD 
and WR input for Read/Write control, a CS 



.«g.w vtiiu tiic auuiB&t> iripUIS 

used to select various internal registers. 
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Interconnection to the 8D48 Js_ very 

straightforward with BUS, RD, and WR con- 
necting directly to the corresponding pins on 
the 8255. The only design consideration is the 
way in which the internal registers of the 8255 
are to be addressed. If the registers are to be 
addressed as external data memory using the 
MOVX instmctions, the appropriate number of 
address bits (in this case, 2) n^ust be latched 
on BUS using ALE as described in the section 
on external data memories. If only a single 
device is connected to BUS, the 8255 may be 
continuously selected by grounding CS. If 
multiple 8255's are used, additional address 
bits can be latched and used as chip selects. 

A second addressing method eliminates ex- 
ternal latches and chip select decoders by 
using output port lines as address and chip 
select lines directly. This method, of course, 
requires the setting of an output port with ad- 
dress information prior to executing a MOVX 
instruction. 



3.4 Multi-Chip MCS-48 Systems 

The accompanying figure shows the addition 
of two memory expanders to the 8048, one 
8355/8755 ROM and one 8156 RAM. The 
main cpnsideratipn in designing such a sys- 
tem is he addressing of the various memories 
and I/O ports. Note that in this configuration 
address lines Aio and An have been ORed to 
chip select the 8355. This ensures that the 
chip is active for all external program memory 
fetches in the 1K to 3K range and is disabled 
for all other addresses. This gating has been 
added to allow the I/O port of the 8355 to be 
used. If th@ chip was left selected all the time 
there would be conflict between these ports 
and the RAM and I/O of the 8156. The NOR 
gate could be eliminated and _Aii connected 
directly to the CE (instead of CE) input of the 
8355; however, this would create a 1K word 
"hole" in the program memory by causing the 
8355 to be active in the 2K to 4K range in- 
stead Of the norrnal 1K to 3K range. 
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In this system the various locations are ad-, 
dre^d as Mows: i I ' 

Data RAM — Addresses to 255 when Port 
2 Bit has been previously set = 1 and Bit 1 
set = 

RAM I/O— Addresses to 3' when Port 2 
Bit = 1 and Bit 1 = 1 

ROM I/O— Addresses to 3 when Port 2 
Bit 2 or Bit 3 = 1 _ ' r p 

See the above rnemory ,rn|ap, 

3.5 Memory Bank Switching 

Certain systenil may require more lhai*i the 
4K words of program memory which are 
directly addressable by the program counter 
or more than the 256 data memory and I/O 



locations directly addressable by the pointer 
registers RO and R1. These systems can be 
.achieved using "bank switching" techniques. 
Banlc switching is merely the selection of 
various blocks or "banks" of memory using 
dedicated output port lines from the processor 
• In the case of tie 8048 program memory is 
selected in blocks of 4K words at a time 
while data memory and I/O are enabled 256 
words at a time. 

The most important consideration in imple- 
menting two or more banks is the software 
required to cross the bank boundaries. Each 
crossing of the boundary requires that the 
processor first write a control bit to an output 
port before accessing memory or I/O in the 
new bank. If program memory is being 
niched, programs should be organized to 
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keep boundary crossings to a nninimum. 
Jumping to subroutines across the boundary 
should be avoided when possible since the 
programmer must keep track of which bank 
to return to after completion of the subrou- 
tine. If these subroutines are to be nested and 
accessed from either bank, a software "stack" 
should be implemented to save the bank 
switch bit just as if it were anothCT bit^of the 
program counter. 

From a hardware standpoint bank switching 
Is very straight-forward and Involves only the 
conn^tion of an I/O line or lines as bank 
enable signals, these enables are ANDed, 

with normal memory and I/O chip se^ct 
signals to activate the proper bank. — 

- ' ' If ^1 

3.6 Control Signal Summary 

The following table summarizes the in- 
structions which activate .the various 
control outputs of the MCS-48 processors. 



CONTROL 
SIGNAL 


WHEN ACTIW 


RD 


DURING MOVX A,@R OR INS BUS 


WR 


DURING MOVX @R,A OR OUTL BUS 


ALE 


EVERY MACHINE CYCLE 


pseFj 


DURING FETCH OF EXTERNAL 
PROGRAM MEMORYdNSTRUCTION 
OR IMMEDIATE DATA) 


PROG 


DURING MOVD A,P ANLD P,A 
MOVDP.AORLDP.A 



During all other instructions these outputs 
are driven to the inactive $i8i#« 



3.7 Port CharacteristiQt 

BUS Port Operations 

The BUS port can operate in three different 
modes: as a latched I/O port, as a bi- 
directional bus port, or as a program memo- 
ry address output when external memory is 



used. The BUS port lines are either active 
high, active low, or high impedance (float- 
ing). 

The latched mode (INS, OUTL) is intended 
for use in the single chip configuration 
where BUS is not being used as an expan- 
der port. OUTL and MOVX instructions can 
be mixed if necessary. However, a previous- 
ly latched output will be destroyed by exe- 
cuting a MOVX instruction and BUS will be 
left in the high impedance state. INS does 
not put the BUS in a high impedance state. 
Therefore, the use of MOVX after OUTL to 
put the BUS in a high impedance state is 
necessary before art INS instructioh In-; 
tended to read an external word (as op- 
posed to the previously latched value). 

OUTL should never be used in a system 
with external program memory , since latch- 
ing BUS can cause the next instruction, if 
external, to be fetched improperly. 

Port 2 Operations 

The lower half of Port 2 can be used in three 

different ways: as a quasi, bi-directional 
static port, as an 8243 expander port, and to 
address external program memory. In all 
cases outputs are driven low by an active 
device and driven high molrientefily fey an 
active device and held high by a 50Kn 
resistor to +5V. 

The port may contain latched I/O data prior 

to its use in another mode without affecting 
operation of either. If lower Port 2 (P20-3) is 
used to output address for an external 
program memory fetch the I/O information 
previously latched will be automatically 
removed temporarily while address is 
present then restored when the fetch is 
complete. However, if lower Port 2 is used 
to communicate with an 8243, previously 
latched I/O information will be removed 
and not restored. After an Input from the 
8243 P20-3 will be left in the input mode 
(floating). After an output to the 8243 P20-3 
will contain the value written, ANDed, or 
ORed to the 8243 port. 
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The MCS-48 instruction set is extensive for 
ajf^gphine of its size arid h^s .be^nnt,aiiored 
to' be straightforward and very efficient in 
its use of program memory. All instructions 
are either one or two bytes in length and 
over 70% Srfe only one byte long. Also, all 
instructions execute in either one or two 
cycles (2.5/usec or S.O/usec v/hen using a 6 
MHz XTAL) and over 50% of all instructions 
execute in a single cycle. PQubje , cycle 
instructions include all immediatie instrue'- 
tions, and all I/O instructions. 



The MCS-48 microcomputers have been 
designed to efficiently handle arithmetic 
operations in both binary and BCD as well 
as to efficiently handle the single bit 
opecat-ians required in control applications. 
Sp©CfMr ^lwgtrwctloriS'^ ha^e»"ai§d 'Men" in- 
cluded to simplify loop counters, table 
lookup routines, and N-way branch rou- 
tines. 

Data Transfers * n^- h r -^ ^ sneti 

As can be seen in the accompanying 
diagrp^,'Jti^,8-l^tr,aQCumulator is the central 



TTTTTTrr- 



PROGRAM 
MEMORY 
l#datB) 



EXPANDER 
I/O PORTS 
4-7 



MOVD 
ANLD 
OBLD 



MOV K 



DATA 
MEMORY 



WORKING REG 



on- 



AQD 


►iir '"'-"MOV 




MOV 


MOV 


ADD 








ADD 


MO VP 


ANL 








ANL 


M0VP3 


S./l' ORL 








ORL 


ANL 


XRL 








XRL 


ORL 


XCH 








XCH 


XRL 






V 


7 


XCHD 



-if, 



ACCUMULATOR 



IC 



MOVX 



BUS (8) 



TIMER 
COUNTER 



IN 

OUTL 



MOV 



EXTERNAL 

MEMORY 

AND 

PtRlPHERAlS 



PROGRAM 
STATUS WORD 



ANL 
ORL 



ON CHIP I/O 
PORTS 1,2, BUS 



/\ /\ /\ 



8048 

8049 

8748 

8035* 

8039* 



*N0 PROGRAM 
MEMORY 



(8) 



(8) 



(8) 



\7 \7 \7 



QVV 



4-1 



.1391 GOi-i i^MMups"! 



INSTRUCTION SET 



point for all data transfers within the 8048. 
Data can be transferred between the 8 
registers of each working register bank and 
the accumulator directly, i.e. the source or 
destination register is specified by the 
instruction. The remaining locations of the 
Internal RAM array are referred to as Data 
Memory and are addressed Indirectly via an 
address stored in either RO or R1 of the active 
worklngimsist&c pmk. RO and R1 are al$o 
used to ' indirectly address external data 
memory when it is present. Transfers to and 
from internal RAM require one cycle while 
jwetij^jto external RAM require two. 
Qgnst^nts stored in Program IVIemory^can be 
loaded directly to the accumulator and to the 
8 working registers. Data can also be 
transfered directly between the accumulator 
and the on-board timer/counter or the 
accumulator and the Program Status word 
(PSW). Writing to the PSW alters machine 
status accordingly and provides a means of 
restoring status after an injerrupt or of 
altering tlie stdick pointer if necessary. 

Accumulator Operations 

Immediate data, data mempryi__Or..ffie:. 
working registers can be adbed with or 
without carry to the accumulator. These 
sources can also be ANDed, ORed, or 
Exclusive ORed to the accumulator. Data 
mD(^|^ moved to or from t h§ accu mulajor 
and "Working registers ordafta memory. The 
twp; valll^ can also be exchanged in a«ingle - 
operation. 

In addition, the lower 4 bits of the 
accumulator can be exchanged with the 
lower 4-bits of any of the internal RAM 
locations. This instruction, aldng with an 
instruction which swaps the upper and lower 
4-blt halves of the accumulator, provides for 
easy handling of 4-blt quantities. Including 
BCD numbers. To facilitate BCD arithmetic, ^ 
a Beeimal Adjust instruction is included. This 
instruction is used to correct the result of the 
binary addition of two two-digit BCD 
numbers. Performing a decimal adjust on the 
re sult in the accumulator produces the 
required BOO result. 



Finally, the accumulator can be: incre- 
mented, decremented, cleared, or comple- 
mented and can be rotated left or right 1-bit at 
a ^^er with er without carry. 

Although there is no subtract instruction in 
the 8048, this operation can be easily 
implemented with three single-byte single- 
cycle instructions. 

A value may be subtracted from the 
accumulator with the restilt In th6 accumu- 
lator by: 

Complementing the accumulatpr 
Adding the value to the accumulalor 
..pon^pieirnentling the ZKicumulatQr. ; 

Register Operations 

The working registers can be accessed via 
the accumulator as explained above, or can 
be loaded immediate with constants from 
program memory. In addition, they can be 
incremented or decremented or used as 
loop counters using the decrement and 
jump, if not zero instruction, as explained 
under branch instructions. 

All Data Memory Including working registers 
.can be accessed with indirect instructions via 
RO and R1 and can be incremented. 

Flags 

' There are four user accessible flags in the 

8048: Carry, Auxiliary Carry, FO, and F1. 
Carry indicates overflow of the accumulator, 
land Auxiliary Carry is used to indicate 
overflow between BCD digits and is used 
during decimal adjust operation. Both Carry 
and Auxiliary Carry are accessible as part of 
the program status word and are stored on 
the stack durlnig subroutines. FO and F1 are 
undedicated general purpose flags to be 
used as the programmer desires. Both flags 
can be cleared or complemented and tested 
by conditional jump instructions. FO is also 
accessible via the Program Status word and 
i^iStpred on the stack with the carry flags. 

Branch Instructions 

The unconditional jump instructio.n |s two 
bytes and allows jumps anywhere ri» the first 
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2K words of program memory. Jumps to the 
second 2K of memory {4K words are directly 
&tllir"eSstbfe) Wre made by first executing a 
select memory bank Instruction then execu- 
ting the jump instruction. The 2K boundary 
can only toe crossed via a jump or subroutine 
call instructton i.e. the bank switch does not 
occur until a jump is executed. Once a 
memory bank has been selected all subse- 
quent jumps will be to the selected bank until 
aROtlnePSelfeet memory bianfe'ifngtruGttorf4!§ 
executed. A subroutine in the opposite bank 
can be accessed by a select memory bank 
instruction followed by a call instruction. 
Upon completion of the subroutine exeeu- 
tkm nivit atrtdrffatically returnf fe' ttte? ortgiMil 
bank; however, unless the original bank is 
reselected, th^ next jump instruction en- 
countered will again-transfer execHsittei tothe 
opposite bank. 

Conditional jumps can test the following 
fpf^Wts'affd (FTfachlne status* ' ■ - e .;f 

TO Input pin , i. 

T1_ Input pin 

INT Input pin 3?. noi.^omjsni ! ,1= 

Accumulator Zero -.nw-!'.'' -n~ 

Any bit of Accumulator ^ . „ 
Carry Flag , 
FO Flag 
F1 Flag 

Conditional jumps allow a brah'dfi' to' any 
address within the current page (256 words) 
of execution. The conditions tested are the 
instantaneous values at the time the condi- 
tional jump is executed. For instance, the 
jump on accumulator zero instruction tests 

the accumulator itself not! |i^n-iinteiiRTfi{j|9te 
zero flag. 

The decrement register and jump if not zero 
instructicin combines a deGeement and a 
branch instruction to create an instruction 
very useful in implementing a loop counter. 
This instruction can designate any one of 
the 8 working registers as a counterand can 
effect a branch to any address within the 
current page of execution. 

A single byte indirect jump instruction allo\Ws 
thS'pfrografS'^B^'bS tefctdfedP t6 ki\f We"& 



several different locations based on the 
contents of the accumulator. The contents of 
the accumulator points to a location in 
program memory which contains the jump 
address. The 8-bit jump address refers to the 
current page of execution. This instruction 
could be used, for instance, to vector to any 
orie ot several routines based on an ASCII 
character which has been loaded in the 
accumulator. In this way ASCII key inputs 
can be used to initiate various routines, 

Sllb*0Ul1«€l5 hs-vM;- Sit w;t-.' 

Subroutines are entered by executing a call 
instruction. Calls can be made like uncondi- 
ttonal jumps to any address in a 2K Drord 
bank and jumps across the 2K boundary are 
executed in the same manner. Two separate 
return instructions determine whether or not 
status (upper 4-bits of PSW) is restored upon 
return from the subroutine. 

%e ftern'ilfid Restore status instruction also 
signals the end of an interruptsehirieefb'titiine 
if one has been in progress. 

Timer Instructions 

The 8-bit on board timer/counter can be 
loaded or read via the accumulator while the 
counter is stopped or while counting. The 
epunter can be started -as iphtimer witte an 
internal clock source or as an event counter 
or timer with an external clock applied to the 
T1 input pin. The instruction executed 
determines which clock source. is used. A 
siniie instriiction stops the coy ntowihether 
it is operating with an internal or an external 
clock source. In addition, two instructions 
allow the timer interrupt to be enabled or 
disabled. 

^Qt^ir^Mi^M^^ _ - ,. ,^ 

Two instructions allow the external interrupt 
source to be enabled or disabled. Interrupts 
are initially disabled and are automatically 
disabled while an, interrupt service routine is 
taiBFOg'refes<'andire»«nftt5led a^erward^ -i; 

There are four memory bank select instruc- 
tions, two to designate the active working 
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memory banks. The operation of the program 
memory banl< switch is explained in section 
3.1.2. The worl<ing register bank switch 
instructions allow the programmer to imme- 
diately substitute a second 8 register working 
register bank for the one in use. This 
effectively provides 16 working registers or it 
can be used as a means of quickly saving the 
contents of the registers in response to an 
interrupt. The user has the pptjon to switch or 
nbt to switch banks on interrupt. However, if 
the banks are switched, the original bank will 
be automatically restored upon execution of 
a return and restore status instruction at the 
end of the interrupt service routine. 

A special instruction enables an internal 
ctecl«,-wt«leh<fs'the XTAL frequency divided 
by three, to be output on pin TO. This clock 
can be used as a general purpose clock in the 
users system. This instruction should be 
used only to initialize the system since the 
clock output can be disabled only by 
siBRiiC^tjon pt system reset. 

Input/Output Instructions 

Ports 1 and 2 are 8-bit static i/0 ports which 
can be loaded to and from the accumulatOF. 
OQtputs are statically latBhfed buTifljSttfe' affe 
not latched and must be read while inputs are 
present. In addition, immediate data from 
program memory- can i5e'-A?N0i9'*r*=OTl&d 
directly to Port 1 and Port 2 with the result 
remaining on the port. This allows "masks" 
stored in program memory to selectively set 
or reset individual bits of the I/O ports. Ports 1 
i»ill#)fWer@oMi^)lsd to attd#1hj^t@#iiiV^ii 
pin by first writing a "1" out to the pin. 

An 8-bit port called BUS can also ^ be 
acc^ised via the accumulator and can have 
statically latched outputs as well. It too can 
have immediate data ANDed or ORed 
directly to its outputs, however, unlike ports 1 
and 2, all eight-lines of BUSmustbe treated 
a£ either inpat^or oirtput sif art^ oh'eftmeptn 
addition to being a static port, BUS can be 
used as a true synchronous bi-directional 
port using the Move ExterneU instructions 
used to access external data memory. When 
these instructions are executed a cor- 



responding READ or WRITE pulse is 
generated and data is valid only at that time, 
yiftien data is not being transferred BUS is in 
a high irhpedance state. 

The basic three on board I/O ports can be 
expanded via a 4-bit expander bus using half 
of port 2. I/O expander devices on this bus 
consist of four 4-bit ports which are 
addressed as ports 4 through 7. These ports 
have their own AND and OR instructions like 
the on board ports as well as move 
instructions to transfer data in or out. The 
expander AND and OR instructions, how- 
ever, combine the contents of accumu- 
lator with the selected port rather than 
immediate data as is done with the on board 
ports. 

I/O devicies can also be added externally 
using the BUS port as the expansion bus. in 
this case the I/O ports become "memory 

mapped", I.e. they are addressed in the same 
way as external data memory and exist in the 
external data memory address space ad- 
dressed by pointer register RO or R1. 

4.1 Instruction Set Description 

The following pages describe the MCS-48 
instruction set in detail. The instructibn set is 
first summarized with instructions grouped 
functionally. This summary page istcjllowed 
by a detailed description listed alphabetically 
by mnemonic opcode. 

The alphstdtettcal listing inctudes'ti^e follow- 
ing information: 

IVInemonic 
Machine Code 
Verbal Description 
Symbolic Description 
Assembly Language Example 

The machine code is represented with the 
most significant bit (7) to the left and two byte 
irfstructiohs are representecf with'' 'the first 
byte on the left. The assembly language 
examples are formulated as follows: 

Arbitrary J ■ 

Label: Mneroonic, Opemnd; Descriptive Comment 

^pe section 1.2.2 for a description and 
sample of an assembly language program. 
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8048/8049 
INtTHUGTION SET SUMMARY 



Mnemonic 



Description 



Bytes Cycle 



Description 



Bytes Cycles 













ADD A. R 


Add register to A 


1 1 




ADD A, @R 


Add data memory to A 


1 1 




ADD A, #data 


Add immediate to A 






ADDC A, R 


Add register with carry 


1 1 




ADDC A, @R 


Add data memory with carry 


1 1 




ADDC A, #data 


Add immediate with carry 






ANL A, R 


And t-egister to A 


1 1 




ANL A, @R 


And data memory to A: 


1 1 




ANL A, ^data 


And immediate to A 






ORL A, R 


Or register to A - 


1 1 


o 


OR LA, @R 


Or data rr»iBmory l0i*iA" <- 


1 1 


to 

3 


OR LA, #data 


Or immediate to A "' " 




£ 


XRLA. B 


Exclusive Or register to A 


1 1 


U 


XRL A, @R 


Exclusive or data memory to A 




< 


XRLA, #data 


Exclusive or immediate to A 






INC A 


1 ncrement A r 


? ? 




DEC A 


Decrement A ■ 






gLR A 


Clear A 






CPL A 


Complement A ^ 






DA A 








SWAP A 


Swap nibbles of A 






RL A 


riUialO'n Id L 






RLC A 


Rotate A.left throuflh-iSBrry 






RR A 








RRC A ' ' 


ri u lerie n r.iyni inruugri carry 






IN A, P 


1 nput port to A 


1 2 




OUTL P, A 


Output A to port 


1 2 




AN L P #data 


And im.mediate to port 


2 2 


a 


ORL P, #data 


Or immediate to port 


2 2 




INS A BUS 


Input BUS to A 


1 2 


O 


OUTL BUS, A 


Output A to BUS 


1 2 


3 

a 


ANL BUS,#data 


And immediate to BUS 


2 2 


e 


ORL BUS,#data 


Or immediate to BUS 


2 2 




MOVD A, P 


Input Expander port to A 


1 2 




MOVD P. A 


Output A to Expander port 


1 2 




ANLD P, A 


And A to Expander port 


1 2 




ORLD P, A 


Or A to Expander port 


1 2 


w 


INCR 


Increment register - 


1 1 


1 

? 


INC @R 


Increment data^nyg^^j 




OE 


DECR 


Decrement registw 







JMP addr 


Jump unconditional 


2 


2 




JMPP ®A 


Jump indirect 


1 


2 




DJNZ R. addr 


Decrement register and jump 


2 


2 




JC addr 


Jump on Carry f J 


2 


2 




JNC addr 


Jump on Carry ^r*..^ 


2 


2 




J Z addr 


Jump on A Zero 


2 


2 




JNZaddr 


Jump on A not Zero 


2 


2 


o 


JTO addr 


Jump on TO = 1 


2 


2 


e 
& 


JNTOaddr 


Jump on TO = 


2 




JT1 addr 


Jump on T1 = 1 


2 


2 




JNT1 addr 


Jump on T1 = 


2 


2 




JFOaddr 


Jump on FO = 1 


2 


2 




JF1 addr 


Jump on F 1 =1 


2 


2 




JTF addr 


Jump on timer flag =1 


2 


2 




JNI addr 


Jump on IIMT = 


2 


2 




JBb addr 


Jump on Accumulator Bit 


2 


2 



c 


CALL addr 


Jump ID subroutine 2 


2 


3 



RET 




2 


Subr 


BETR 


Return and restore status 1 


2 




CLR C 


Clear Carry 1 






CPL C 


Complement Carry 1 




o> 

JS 


CLR FO 


Clear Flag 1 


1 


IL 


CPL FO ' 

cIrfi 

CPL F1 


Complement Flag ' 1* 
Clear Flag 1 t 
Complement Flag 1 1 


] 




MOV A, R 


Move register to A 1 






MOV A. OR 


Move data memory to A 1 


] 




MOV A, #data 


Move immediate to A . Z 


, . ,2 




MOV R, a 


Move A to register T 


J 1 




MOV @R. A 


Move A to data memory 1 


1 




MOV R, *«ata 


Move immediate to register 2 




Move; 


MOV (5>R, sdata 
IVlOV A, PSW 


Move immediate to d^ta memory 2 

Move PSW to A " " ... 1 




n 


MOV PSW A 


Move A to PSW 1 




o 


XCH A, R 
XCH A,@R 
XCHD A,-@R 


Exctiange A and register 1 
Exchange A and data memory 1 
Exchange nibble of A and register 1 


. 




MOVX A; @R 


■VlWtf t7^tBl Hal 'Ucl Lo y | 


2 




MOVX @R A 


^Aove A to 'external data in^emory ^ 


2 




l«OVP A. @A 


Move to A from current page 1 


2 




MOVr3 A, ®A 


Move to A from Page 3 1 


2 




MOV A,T 


Re^ Tinier/Counter 


"i 




MOV T, A 


Load Timer/Counter 1 


1 


c 

3 


STRT T 


Start Timer 1 


1 




(J 


STRT CNT 


Start Counter 1 


1 


e 


STOP TCNT 


Stop Timer/Counter 1 


1 


1 


EN TCNTI 


Enable Timer/Counter Interrupt 1 


1 




DIS TCNTI 


Disable Timer/Counter Interrupt 1 


1 




EN 1 


Enable external interrupt 1 


1 




DIS 1 


Disable external interrupt 1 


1 


5ntrol 


SEL RBO 


Select register bank 1 


1 


SEL RBI 


Select register bank 1 1 


1 


U 


SEL MBO 


Select memory bank 1 


1 




SEL MB1 


Select memory bank 1 1 


1 




ENTO CLK 


Enable Clock output on TO 1 


1 



NOP 



No Operation 



.rorir 



Mnemonics copyright Intel Corporation 1976. 
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8021 

INSTRUCTION SET SUMMARY 





— — 


_ 


■ — 





IV1 nGmc 




Doscriptio n 


Bvt 
yres 


C cle 
yc 


ADD 


A,R 


Add rsgistcr to A 


1 


1 


J^DD 


^'@H 


Add data memory to A 




-r 1 - 

:! 


ADD 


A #tlata 


Add imm6diat6 to A 


2 




ADDC 


A R 


Add with carry 


1 


1 


ADDC 


A @R 


Add with carry 


1 


1 


ANL^ 


A,#d3t3 


Add with carry 








A R 






■\ 


AN L 


A @R 


And daw^ memoCv to A 




■\ 


AN L 


A #dat3 


And immediate to A 


2 


2 


O^L 


A R 


Or rBQi^oFi to iV**^< f'Q>of<' ' 


1 , 


J 1' • 


OftL 


A,@R 


Or data memory to A 


1 


1 


ORL 


A,#data 


Or immediate to A 


2 


2 


XRL 


A,R 


Exclusive Or register 'O A 


1 


1 


XRL 


A,@R 


Exclusive or data menory to A 


1 


1 


XRL 


A #data 


Exclusive or immediate to A 


2 


2 


iNc 


i 


Increment A 


1 




DEC 


A 


Decrement A 


1 




CLR 


A 


Clear ^ " ' 




V 1 


CPL 


A 


Complement A 


1 


1 


DA 


A 


Decimal Adjust A., > . 


1 


1 


SWAP 


A 


Swap nibbles of A. . 


1 


1 


RL 


A 


Rotate A left 


1 


1 


RLC 


A 


Rotate A left through carry 


1 




RR 


A 


Rotate A right 


1 


] 


RRC 


A 


Rotate A right through carry 

" —"^ 


1 

^ j^i 


1 


IN 


A.P 


Input p.ort to A 


1 








■'Oa^'t'Af^poirf^'* ^ 


1 ■ 


1 


MOVD a.p ^ ' 


^ l^ufExpandef p6rt to A 


1 


2 


MOVD 


p. A 


Output A to Expander port 


1 


2 


ANLD 


P.A 


And A to Expander pert 


1 


2 


ORLD 


P,A 


Or A to Expander port 


1 


2 


INC 


R 


iDdrement master' ' — 


1 




INC 




Increment data mernory 


1 


,, .1 



Mnemonic 



Description 



Bytes Cycle 



JMP 


addr 


Jump unconditional 


2 


2 


JMPP 


@A 


Jump indirect 


1 


2 


bJNz 


R,addr 


Decrement register and Jump 


2 


2 






on R not zero 






JC 


addr 


Jump on^Cerry = 1 


2 


2 


JNC 




Jump Qn Carry — 


3 


2 


JZ 


addr 


Jump on A Zero 


2 


2 


JNZ 


addr 


Jump on A not Zero 


2 


2 


JT1 


addr 


Jump on Tl = 1 


2 


2 


JNTl 


addr 


Jump on Tl ^ 


2 


2 


jTF 


addr 


Jump on turner fl^ ' 


2 


2 


CALL 


addr 


Jumpi to sutiroutin^j m 


2 


2 


RET 




Return 


1 


2 


CLR 


c 


Clear Carry 




1 


CPL 


c 


Complement Carry 




1 


MOV 


A.R 


Move register to A 




1 


MOV 


A.giR 


Move data memory to Ai 




1 


MOV 


A,#data 


Move immediate t& A . 




2 


MOV 


R,A 


Move A to register 




1 


MOV 


giR.A 


Move A to data memory 




1 




R , #data 


Move immediate to register 




2 


MOV 


@R,#data 


Move immediate to data memory 




2 






Exchange A and reyiit^ 






XCH 


A,®R 


Cxiihange A and data memory 




2 


XCHD 


A,®R 


Exchange n^H}le of A anti register 




1 


MOVP 


A.®A 


Move to A from current page 




2 


MOV 


A,T 


Read Timer/Counter 




1 


MOV 


T,A 


Load Timer/Counter 




1 


STRT 


T 


Start Timer 




1 


STRT 


CNT 


S^n Counter 




1 


STOP 


TCNT 


Stdp^Timer/Counter 




1 


NOP 




No Operation 




1 



.T.sro' 



Instruption Set — The following instructions, which are 
fQuncli.in the 8748, ^ha«e been deleted from the 8021 
instruction set. 



dbtt Moras 


Registers 


Branch 


Turner 


Control 


Input/Output 


MOV A.PSW 
MOV PSW.A 
MOVX A,@R 

MOVP3 A.C>A 


DEC R 


JTO addr 
JNTb addr 
JFO addr 
JF1 addr 


EN TCNTI 
D!S TCNTI 


EN 1 
DIS 1 
SEL RBO 
SEL RBI 
SEL MBO 
SEL MB1 
ENTO CLK 


ANL P.iVdaU 
ORL P.Sdatt 
INS A,SUS« ■ 
OUTL BUS.A • 
ANL BUS,#d8ta 
ORL BUS,#d8t8 


Flags 


Subroutina 


CLR FO 
CPL FO 
CLR Fl 
CPL Fl 


JNI addr 
JBb addr 


RETR 



*These Instructions havetieen replaced in the 8021 by 



IN A.PO and OUTL POjv respectively. 
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8022 



INSTRUCTION SET SUMMARY 



Haxadulmal 





Miwmoiilc 


Daacrtption 




yce 


Opcodtt 




ADD A.Rr 


Add register to A 


1 


1 


es-BF 




ADD A,@ R 


Add data memory to A 


1 


1 


60-61 




ADD A. « data 


Add immediate to A 


2 


2 


03 




ADDC A,R, 


Add register witti carry 


1 


1 


78-7F 




ADDC A,@ R 


Add data memory with 


1 


1 


70-71 






carry 










AODC A,#data Add immediate w'wh 


2 


2 


13 






carry 










ANL A.Rr 


And register to A 


1 


1 


S8-5F 




ANL A.@ R 


And data memory to A 


1 


1 


50-61 




ANL A.#data 


And immediate to A 


2 


2 


53 




ORL A.Rf 


Or register to A 


1 


t 


48-4F 




ORL A,@ R 


Or data memory to A 


1 








ORL A,#data 


Or immediate to A 


2 


2 


w ' 


1 


XRL A,Rr 


Exclusive Or register 


1 


1 


DS-OF 


1 




'° * . 








e 

3 


XRL A,@ R 


Exclusive Or data 


1 


1 


D0D1 


< 




memory to A 










XRL A,#data 


Exclusive Or immediate 


2 


2 


D3 






to A 










INC A 


Increment A 


1 


1 


17 




DEC A 


Decrement A 


1 


1 


07 




CLR A 


Clear A 


1 


\ 


27 




OPL A 


Complement A 


1 


1 


37 




DA A 


Decimal adjust A 


1 


1 


67 




SWAP A 


Swap nibbles of A 


1 


1 


47 




RL A 


Rotate A left 


1 


1 


E7 




RLC A 


Dntata A loft fKmitnh 


1 


1 


F7 






carry 










RR A 


Rotate A right 


1 


1 


77 




RRC A 


Rotate A rigfit through 


1 


1 


67 • 






carry 










IN A. Pp 


Input port to A 


^ 


2 


ciR no nA 




OUTL PpA 


Output A to port 


1 


2 


90,39.3A 




MOVD A.Pp 


Input expander port 


1 


2 


OC-OF 




to A 










MOVD Pp,A 


Output A to expander 


1 


2 


3C-3F 


1 




port 




n 






ANLD Pp,A 


And A to expander port 




2 


dC-9F 




ORLD Pp,A 


Or A to expander port 


i 


2 


8C-8F 


J 


INCRr 


Increment register 


1 


1 


1B-1F 


c 


INC@R 


Increment data memory 


1 


1 


10-11 




JMP addr 


Jump unconditional 


2 


2 


04.24,44,64. 












84,A4,C4.E4 




JMPP @ A 


Jump indirect 


1. 


2 


B3 




DJNZ R.addr 


Decrement register and 


3 


2 


E8-EF 






jump on R not zero 










JC addr 


Jump on carry= 1 


2 


2 


F6 




JNC addr 


Jump on carry=0 


2 


2 


E6 




JZ f 


J',~ :ero 


2 


2 


C6 




JN2 


Juinp /. moi zero 


2 


2 


96 



Description 



Hexadecimal 
Bytes Cycle Opcode 



JTO 

JNTO 
JT1 addr 
JNT1 addr 
JTF addr 



Jump on T0=1 
Jump on T0=0 
Jump on T1= 1 
Jump on Tt=0 
Jump on timer flag 



36 
26 
58 
46 
18 



CALL addr Jump (o iub'foutins 



2 14,34,54.74 
94.B4,D4,F4 
2 83 



ft CLR C 



'Clear carry 



1 



Ik 97 
1 A7 



(V-0 = MfV|%_ MOKS mt^at* to A 

MOV A,@ R Move data memory to A 

MOV A.#data Move immediate to A 

MOV Rj.A Move A to register 

MOV @ R.A Move A to data memory 

MOV Rr,#data Move immediate to 

S register 

o MCV@R,#data Move immediate to 

„ data memory 

§ XCHA, Rr Exchange A and 

XCH A,@ R Exchange A and data 
memory 

XCHD a.@ R Exchange nibble of A 

and register 
MOVP A,® A Move to A from current 

. pig* ■ 



i 

2 ■■ 

1 

1 

2 



FS-FF 
F0-F1 
23 

AS-AF 
AO- At 
B8-BF 



2 B0-B1 

1 28-2F 

1 20-21 

1 30-31 

2 A3 



I MOV A.T 


Read timer/counter 1 ' 


1 


42 


S MOVT.A 


Load timer /counter i 


1 


62 


5 STRTT ; 


Start tinier . • 


1 


55 


5 STRTCNT 


Start counter 1 


1 


45 


1 STOP TCNT Stop timer /counter 1 


1 


65 


6 RAD 


Move conversion result 1 


2 


80 




register to A 






1 SEL ANO 


Select analog input 1 


1 


85 


? SEL-j^" 
< 


^'^^Oct'aWl^ Input one 'l ' 


1 


95 


EN i 


Enable external 1 


1 


06 




interrupt 






DIS 1 


Disable external 1 


1 


16 




interrupt 






1 EN TCNTI 


Enable timer/counter 1 


1 


26 


• 


interrupt 






£ DIS TCNTI 


Disable timer/ counter 1 


1 


35 




interrupt 






RETI 


Return from interrupt 1 

1 


2 


93 


NOP 


No operation 1 


1 


00 



Mnemonics copyright Intel Corporation, 1978. 



Instruction Set — The following, 
found In the 8748, have'^t^ 

instruction set. 



Data Mowiii 


Rflfjtstars 






Control 


Input/Output 


MOV A.I»SW 
MOV PSAI.A 
MOVX A.(?>R 
MOVX 9R.A 
M0VP3 A.@A 


DEC R 


JFO addr 




SEL RBO 
SEL RBI 


ANL P.#data 
ORL P,«data 
INS A.8US* 

OUTL aus.A • 

ANL BUS,#data 

ORL BUS.#data 


Flasi 


JFl addr 


Subroutina 


CUR FO 
GPL FO 
CLR Fl 

CPL F1 


JNI addf 
JBb add' 


RETR 


SEL MBO 
SEL MSI 

ENTO CLK 



'These Instructions have been replaced in the 8022 by 
IN AtPO antf ^UTL PO,A respeottvely. 
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l\flq3-48^"" INSTRUCTION SET 

SYMBOLS AND /ABBREVIATIONS USED 





A 


Accumulator ■ ^ 




AC 


Aiixillarv Oarrv 




duu 1 


1 0-Rit Pmnram ^^om/~ir\/ AHHrocc 
1^ OK iiL/^idiii ivici 1 lui y /Aiju 1 coo 








V- 'S \ 


BS 




(■;)/> 

iS-'i'i 


' BUS 


• BUS Port ; ' 






parrw 
v_.'cii 1 y 




PI K 
o i_r\ 

T 


C\nrk 


c c-;. 






^ c 


CRR 




'■■ 


D 


Mnpmnnip for 4-Rit Dinit ^Mihhlp\ 




uaLd 


ft— Rit NliimHior t^r Pvr\rocci/^n 
O Oil IN U 1 II UKU \Ji ^Afw/i^bolUII 




5^ 




■ IVI&MKilfgr Dcirllx FHp~rlUp 


■JS 

3c 


f6, fi 


Flan Flan 1 ■ ^ 


if 
98 


' 1 ;' 


1 ntorri i nt 
III Lc?i 1 u p L 


A9 


P 


K^nomoni/^ fi^r "in— nano*' f^noration 
IVI lldllvjlll^ lUI III yj CL^KS \^\Js!i dllLfi 1 


aa 


PC 


Program Counter t - 




Pd 


Port Dp^innatnr ^r*=1 nr A-7\ 


X 


PSW 






Rr 


Rpni^tpr Dp^^innatnr /r=Q 1 nr 




SP 


Stack Pointer - , . 


i 2 


T 


Timer"'^ j 




TF 


Timer-Flag 




-TO, T1 


Test Test 1 






Mnemonic for External RAM 




# 
@ 


Immediate Data Prefix 
Indirect Address Prefix 




$ 


Current Value of Program Courlfer 




(X) 


Contents of X 




((X)) 


Contents of Location Addr^ssQcL by X 






Is Replaced by j-"' •■ . ]■ ' 



Mnemonics copyright Intel Corporation 1976. 
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■•. 00C5A 



110 



1 r r r 



1 1 ; 



accumulator. Carry is affected. 



(A)*- (A) + (Rr) 
Example: ADDREG: ADD A,R6 



r=0-7 

;ADD REG 6 CONTENTS 
;T0 ACC 



ADD A,@Rr Add Data Memory Contents to AccumiJlator 



o;. >A0\ 



icisftj 



1-10 



r 



IGA; IR®,AOOGA 



The contents of the resident data memory location 
addressed by register 'r' bits 0-5*areSdlCl6<lVto sli.^.A OQQA 
the accumulator. Carry is affected. 



(A)^(A) + ((Rr)) 



r I r K 



r=0-1 



Example: ADDIVi MOV RO, #01 FH ;MOVE '1F' HEX TO REG 
; . ADD A, @R0 ;ADD VALUE OF4;O0ATION 
;31 TO ACC 

ADD A,#data Add Immediate Data to Accumulator 



00 


11 






' "» 





d7 ^6 ds d4 d3dj'^t<*0 



This is a 2-cycle instruction. The specified data 
.'!«# added to accurnulator. Carry is affected 



(A) (A) + data 



Examples: tA1])iBID©«ieD -^,#ADOEfl5(;MlliDi-MALUir©FiSYMB0L 
ADDC A,Rr Add Carry and^l«gister @c»rfli^4^ Accumulator 



>.6.,\u -.rivv e 



8fi,A .JUA :03Fiai/lA islqin.*: 



The ccntent of the carry bit is added to accumulator 
location^ and the car r y bit cleared. The contents 
of register Y are then added to the accumulator. 
Carry is affected. 



(A) — (A) + (Rr) + (C) 
Example: ADDRGC: ADDC A,R4 



i : . 

€3 .lOlTAOOJ Hi -.NE.AM; 



r=0-7 

;ADD CARRY AND REG 4 
;CONTENTS TO ACC 

Oftp ,A JHA 



gHt>!MK!ni<^ c$iRyright Intel CorpoiMtlcMt 197^ 



0*4 



ADDC A,@Rr Amep&»tY'^^ISilm$m^Yf ^Sm^m^o Abdum^lSMor 



1 1 1 r 



The content of the carry bit is added to accumulator 
iocation and the carry bit cleared. Then the contents 
of the resident data rnemory iocation addressed by 
register 'r' bits 0-5^are added to the accumuiator. 

(A) (A) + ((Rr))+(C) 



Example: ADDMC: MOV R1,#40 
ADDC A,@R1 



r=0-1 

;IVIOVE '40' DEC TO REG 1 

;ADD CARRY AND LOCATION 40 

;CONTENTS TO ACC 



ADDC A,#data Add^ CarFycandlmimdi#e Data to Accumulator 



000 1 



11 



d7d6d5d4 ds d2 di do 



This is a 2-cycle instruction. The content of the 
carry bit is added to accumulator location and 
the car*y bit cleared. Then tlii specified data is 
added to the aecumiiitator. Carry is affected. 



Example: 



(A)-*=5(A)+data+(C) 
APiPCA,#22§ , 



;ADD CARRY AND '225' DEC 
;TO ACC 



ANL A,R|- Logical AND Accumulator With Register Mask 



10 1 



1 r r r 



Data in the accumuiator is logically ANDed with the 
mask cofitdified in working register 'r'. 



(A)-^ (A) AND (Rr) 
ANDREG: ANL A,R3 



r=0-7 



;'AND' ACC CONTENTS WITH MASK 

;IN REG 3 



Example: 

ANL A,@Rr Logical AND Accumulator With Memory Mask 



10 1 



r 



Example: 



Data in the accumulator is logically ANDed with the 
mask contained In^tKe'data memory location referenced 

by register 'r', bits 0-5* 

(A)-.- (A) AND ((Rr)) r=0-1 

ANDDM: MOV R0,#03FH ;MOVE '3F' HEX TO REG 

ANL A, @R0 ;'AND' ACC CONTENTS WITH 
;MASK IN LOCATION 63 



Mnemon^ ec^»frigm Intel Corporation 1976. 



4-10 



*0-6 for 8039/8049 



INSTRUCTION SET 



ANL A,#data Logical AND Accumulator With Immediate IVIask 



10 1 



11 



d7Cl6Cl5d4 d3d2dido 



This is a 2-cycle instruction. Data in tlie accumulator 
is logically ANDei with an 'infibiediately-specified mask. 



(A)^ (M M@ data 
Examplca^i^DID: ANL A,#OAFH 

" ' aNL A,#3+X/y' 



r 
r r 

'AND' ACC CONTENTS 
WITH MASK 10101111 
'AND' ACC CONTENTS 
WITH VALUE OF EXP ^^ou 
'3+X/Y' ' 



ANL BUS,#data Logical AND BUS With Immediate Mask (Not in 8021, 8022) 



10 1 



10 



6j de ds d4 d3 d2 di dp 



This is a 2-cycle instruction. Data on the BUS port is 
logically AN©ediwitti-raa.lmiTiediately-specified mfisk. This 
instruction assumes prior specification of an 'OUTL 

Rll.c; A' infstrurtinri 's^o! ni flinsd Vin JJ/,C 



BUS, A' instruction; 
(BUS)-*- (BUS) AND data 
Example: ANDBUS: ANL BUS, #MASK 



'AND' BUS CONTENTS 
WITH IVIASK EQUAL VALUE 
OF SYMBOL 'MASK' 



ANL Pp,#data Logical AND Port 1-2 With Immediate Mask (Not in 8021, 8022) 



10 1 



1 p p I 6j de ds 64 d3 62 d-i dp 



This is a 2-cycle instruction. Data on port 'p' is 
logically ANDed with an immediately-specified mask. 



(Pp)-«- (Pp) AND data 
Example: ANDP2: ANL P2i^^^ 



p=1-2 

'AND' PORT 2 CONTENTS 
WITH MASK 'FO' HEX 
(CLEAR P20-23) 

ANLD Pp,A Logical AND Port 4-7 With Apcumulator Mask 



1 Od^i 



1 1 p p 



•.j ! 



This is a 2-cycle instruction. Data on J)ort 'p' is 
logically ANDed with the-^^|^^^g^tained in 

accumulator bits 0-3. 

. VOM ;TOTaUr 

•(Pp).-*- (Pp) AND (AO-3) p=4-7 

r :'■'», 



Mnemonics copyright intei Corpora^Hi iMi 





1 

1 

1 1 



Port 
4 

5 
6 
7 



Example: ANDP4: ANLD P4,A 



CALL address StibrQutine C^ll 



;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 



Example: 



This li^'^fi^Si^ f^Mfi*u^ftl6h'. Vrt^^bgrSm couhter and 
PSVy bits 4-7 are saved in the stack. The stack pointer 
(PSW bits 0-2) is updated. Program control is then 
passed to the location specified by 'address'. PC 
bit 11 is determined by the most recent SEL MB instruction. 

A CALL cannot begin In locations 2046-2047 or 4094-4095. 
Execution continues at the instruction following the 
CALL upon return from tf^^stiiM>iitfne; ^ 

((SP))-«-(PC). (P^ ii.V)' ^'' 
(SP)^ (SP)+1 ■ ' 

(PCs-ior-^^atldra-To) 
(PCo-7)-*-addrQ.7 . , - . 
(PCii)-^DBF •-" - 

Add thfr^ groups ofl^ri^mbers. Pitt subtotals in 
locations 50, 51 and total in location 52. 



MOV R0,#50 

BEGADO: MOV A,R1 

ADD A,R2 
' CALL SUBTOT 
, ADD A R3 
ADD A,R4 
CALL SUBTOT 
ADD A,R5 
ADD A,R6 
CALL SUBTOT 

SUBTOT: MOV @RO,A 



INC RO 
RET 



MOVE '50' DEC'tO ADDRESS 

REG , • . 

MOVE CONTENTS OF REG 1 

TO ACC ' 

ADD REG 2 TO ACC 

CALL SUBROUTINE 'SUBTOT 

ADD REG 3 TO ACC 

ADD REG 4 TO ACC 

CALL SUBROUTINE , 'SUBTOT' 

ADD REG 5 TO ACC 

ADD REG 6 TO ACC 

CALL SUBROUTINE 'SUBTOT 

MOVE CONTENTS OF ACC TO 
LOCATION ADDRESSED BY 
REG 

INCREMENT REG 
RETURN TO MAIN PROGRAM 
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CLR A Clear Accumulator ]ol^ > 



10 



111 



ttntjL of-tfet ia(e<iyniMliitffearfc>afcwKt totzero. 
CLR C Clear Carry Bit 



10 1 



111 



During normal program execution, the carry bit tan 

be set to one by the ADD, ADDC, RLC, CPL C, RRC, and 

DAA instruQtions. This instruction resets the carry bit to zero. 

C-^ 

CLR F1 Clear Flag 1 (Not in 8021, 8022) 



10 10 



10 1 



Flag 1 is cleared to zero. 
(FI)-^O 

CLR FO Clear Flag (Not in 8021, 8022) 



10 



10 1 



Flag is cleared to zero. 
CPL A Complement Accumulator 



11 



111 



The contents of the accumulator are complemented. 
This Is strictly a one's complement. Eaqh oijf Is.-, 
changed to zero and vi^e-versa. , , ^ ~f. 

(A)^ NOT (A) 

Example; Assume accumulator contains 01101010, 

'GPLA; ePL^A' ;ACS GONTENTSiARE COMPLE- 

;MENTED TO 10010101 

CPLC Complement Carry Bit ^ - ..^L : 



10 10 



111 



The setting of the carry bit Is complemented; one is 
changed to zero, and zero is changed to one. 

(C)-*- NOT (C) 

Example: Set C to one; current setting is unknown. 

CT01:CLRC ;G IS CLEARED TO ZERO 

CPL C ;C IS SET TO 
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ll»#TftUCTr6*i SET 



CPLFO Complement Flag (Not in 8021, 8022) 



10 1 



10 1 



The setting of flag is complemented; one is 
ctianged to zero, and zero is clianged to one. 



FO^ NOT (FO) 
CPL F1 Complement Rag 1 



(Not in 802T, 8022) 



10 11 



10 1 



■- • ~ The setting of flag^l 'is cottrplertiented; one is- 
G :? ' changed \k> zero, and zero i* changed' to one; 

(F1)-*- NOT (F1) 
DA A Decimal Adjust AcoLlltiiilater ' - 



10 1 



111 



The 8-bit accumulator value is adjusted to form two 
4-bit Binary Coded Decimal (BCD) digits following 
the binary addition of BCD numbers. The carry bit 
C is affected. j^p(|i3Xpgts;of bits 0-3 are 
greater than nine, or if AC is one, the accumulator 
is incremented by six. 

The four high-order bits are then checked. If bits 
4-7 exceed nine, or if C is one, these bits are 
increased by six. If an overflow occurs, C is 
set to one. 

Example: Assume accumulator contains 10011011. 



DA A 



;ACC ADJUSTED TO 00000001 
;WITH C'SET ^ 



C 




AC 




7 4 
10 1 



3 

110 



1 

rl. 



DEC A 



10 10 

110 

1 6'' G'O -0 O 1 

rii£tM 

Decrement Accumulator 



ADD SIX JO BITS 0-7 

ADE) SIX TO BITS 4-7 
OveRFLOW TO C 



0000 



111 



The contents of the accumulator are decremented by one. 
(A)-.- (A)^1 -V : :^ 
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Example: Decrement contents of external data memory location 63. 

;MOVE '3F' HEX TO REG 
;MOVE CONTENTS OF LOCATION 63 



MOV R0,#3FH 
MOVX A,@RO 

LjlDul J. 

DEC A 

MOVX ©RO^A 
r; rv?JO 1)?.' - 



TO ACC 

DECREMENT ACC 
MOVE CONTENTS OF ACC TO 
LOCATION ei^N EXPANDED 
IMEMORY 



DEC Rr Decrement Register (Not in 8021 , 8022) 



110 



1 r r r 



The contents of working register Y are decremented 
by one. 



(Rr)^ (Rr)-1 
ExampI;?; , ;DECR1;,REQ;:W 



;DEGREMafBSONTENTS OF REG 1 



DIS I Disable External Merrupt (Not in 8021) 



1 



010 1 



External interrupts are disabled. A'loW slgniriirt 
the int@r,r;Lipj: Lnput pin. has , no effect. 

DIS TCNTI Disabfe tfaer/Ceunter Ihfetfupt ' fioit j n 8021 ) 



Q 1.1-1 1 04 



Timer/counter interrupts are disabled. Any pending 
timer interrupt request is cleared. The interrupt 

sig,u,€!5ij;:^ J&:xncj%loiWes:(rby^fOi@v«fifia»^JMaJ ' 



DJNZ Rr, address E|i@^9iffient Register and Test 



1110 1 r r r 



aj 36 ag 84 ig^gg fj) as 



This is a 2-cycle instruction. Register 'r' is 
decremented and tested for zero. If the register 
contains all zeros, program control falls through 
to the next instruction. If the register contents 
are not zero, control jumps to the specified 'address', 

The address in^ this case must evaluate to 8-bits, that 
is, the jump must be to a location within the current 
256-location page. 



(Rr)^(Rr)-i ■■ 
If Rr not 
(PCo-7)*- addi- 



, , r=0-7 . ' ■ " 
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INSTRUCTiQII SET 



, Note: A 1.2-bit -addresa specification. does not cause an, 

error if the DJNZ instruction and the jump target are 
on the same page. If the DJNZ instruction begins in 
" '■ ' ' location 255 of a page, it must jump to a target 
address on the following page. 

ExaiMple: Increment values in data memory locations 50-54. 

a : .• MOV R0,#50 ;MOVE '50' DEC TO ADDRESS 

;REG 

. IVlOV R3,#5 ;MOV£ '5' DEC TO COUNTER 

INCRT: INC @R0 INCREMENT CONTENTS OF 

;LOCATION ADDRESSED BY 
;REG 

INC RO ;INCREMENT ADDRESS IN REG 

DJNZ R3, INGRT ;DECREMENT REG 3 — JUMP TO 

;'INCRT' IF REG 3 NONZERO 
i bi: NEXT— i'NEXT ROUTINE EXECUTED • 

;IFR3ISZER0 p 

EN I Enable External Interrupt (Not in 8021) 







10 1 



External interri/^fe ar&'%nabled. A"l0i>» signal on 
the interrupt inj3ut^^n,init|f(tes the interm 

sequence. • - ■> > . ' • 

EN TCNTI Enable Timer/Counter Interrupt (Not in 8021) 



10 



10 1 



Timer/counter interrupts are enabled. An overflow 
of the imer/©0iiwiteri«itat^ thi^lhterfupt sequence. 

ENTO CLK Enable Clock Output (Wsifllf 8021, 8C©2) 



1 1 



10 1 



The test pin is enabled to act as the clock output. 
This function Is disabled by a system reset 

Example: EMTSTO: ENTO CLK ;ENABLE TQ.AS QLPCK OUTPUT 

IN A,Pp Input Port or Data to Accumulator 







1 p p 



This is a 2-cycle instruction. Data present on port 'p' 
is transferred (read) to the accumulator. I n the 8021 
I N A, P2 inputs P20-P23 to A0-A3 while A4-A7 is set 

to zero. 

(A)*- (Pp) p=1-2 
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MOV R6,A 
IN A,P2 
MOV R7,A 



#NPUT P01^T^i©Q!MrENTS » , 
;TO AGO 

;MOVE ACQ CONTENTS TO 
;INPUT,Pp.^T2Cp;STENTS 
;MOVE ACC CONTENTS TO REG 7 



Q Q ^p^^^t^ iy!|r oienEqxs viOfrKv^ :;i rn ■'•:.7,-,Qo-iq 

The contents of the accumulator are incfemdiltia 

. by one. ciOb A cM\ :8Ua9HI 

(A)^ (A) + 1 

Example: Increment contents of location 100 in external 
data memory. 
INCA: MOV RO.ttlOO 



:9iqrn»xri 



(IMC A 

mom @$iq^ 
INC Rr Increment Register 



MOVE '100' DEC TO ADDRESS 

REG 

MOVE GONTENISile LOCATION 

100 TO ACC 

INCREMENT A 

MOVE ACC CONTENTS TO 

LOCATION 100 



1 1 r r r 



The contents of working register 'r' 
fciy lmj"* S»syJ 5^ 9^ , [ u , 



are incremented 

1 Li I i I i •■ ' 



'(Rr)-^ (Rr)+1 
Example: I N C RQ; MO Ml 



U 



r=0-7 

■INCREMENT ADDRESS REG 



INC @Rr Increment Data Mi&hiibry Locatiofi fO<=l) - (09) 



3H! 



1 



r 



WO JTVO OL :rOL reiqrr.ei^ 



The contents of the resident data memory location 
addressed by register y't»its<()-5*are ineremerited ^^'-i^'i^ 
by one. . - - ^ - " . 

((Rr))-^ ((Rr)) + 1 _ ■'=0:-''". , 

Example: INCDM: MOV'R.1,#03FH' iMOVEcONBS TO REGr. 1 

INC @ai ,j ;INCREN|,^NT LOCATION 63 

r!-; JJH jATOT JATOT O^L :r8IO^L •■5)qrns>:3 
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INSTRUCTION SET 



IN A,PO 



Input of Port Data to Accumulator (8021, 8022 Only) 



Same as INS A,BUS except no RD pulse generated. 

INS A,BUS Strobed Input of BUS Data to Accumulator 







10 



This lii'i&^cydte itt^ffrtifction. Data present on the 
BUS pert isjransferred (read) to the accumulator 
when the RD pulse is dropped. (Refer to section on 
programming memory expansion for details). 



(A)-.- (BUS) 
INPBUS: INS A.BUS 



Example: 

JBb address Jump If Accumulator Bit is Set (Not in 8021, 8022) 



;1NPUT BUS CONTENTS 

;TO ACC 



b2 bi bo 1 10 



a? ^6 35 84 33 32 ai ap 



This is a 2-cycle instruction. Control passes to the 
specifled addi^ess if accumulator bit 'b' is set 



to one. 

(PCo-7)-«- addr 
(PC) = (PC)+2 

Example: J64IS1: JB4 NEXT 
JC address Jump If Carry Is Set 



b=0-7 

If Bb=1 
If Bb=0 

;JUMP TO 'NEXT ROUTINE 
;IF ACC BIT 4=1 



1 1 -f f d l 'l 



This is a 2-cycle instruction. Control passes to the 
specified address if the carry bit is set to one. 



(PC0-7)-*- addr 
(PC) = (PC)-ir2: -1. 



Example: 



If C=1 

; JUMP jp, 'OVFLpW' ROUTINE 



JC1: JC OVFLOW 

;IF C=1 

JFO address Juixip If Flag Is Set, |L{4o| in 8021 , 8022) 



1011 



0110 



87 ag 35 34 I 33 32 ai ap 



This is a 2-cycie instruction. Control passes to the 
specified address if flag is set to one. 



(PCp-j)-^ addr 
(PC) = (PC)+2 

Example: JF0IS1: JFO TOTAL 



If F0=1 
If FG=0 

;JUMP TO TOTAL' ROUTINE 
;IF F0=1 
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INSTRUOTION^T 



JF1 address Jump If Flag 1 Is Set (Not in 8021 , 8022) 



111 



110 



ay as as 34 33 82 a-^ ap 



This is a 2-cycle instruction. Control passes to the 
specified address if flag 1 is set to one. 



{PCq-j)-*- 3ddr 
(PC) = (PC)+2 



If F1=1 
IF F1=0 



Example: JF1IS1: JF1 FILBUF 
JMP address PIrect Jump Within 2K Block 



;JUMP TO 'FILBUF' 
;ROUTINE IF F1=1 



^10 ag ag j 1 ag 35 34 , 33 82 a-, ag 



This is a 2-cycle instruction. Bits 0-10 of the program 
counter are replaced with the directly-specified 
addres^. The settirig of PC bit 11, is det!e,(;rnined by 
the rmM recent Sgj^^^T MB instruction. 

(PCs-io)^ addr 8-10 
(PCo-7)-^ addr 0-7 
(PCii)-.-DBF 



Example: JMP SUBTQT 
JMP $-%oi ai Isn 

JMP 2FH 



;JUMP TO SUBROUTINE 'SUBTOT 
;JUMP TO INSTRUCTION SIX LOCATIONS 
;BEFORE CURRENT LOCATION 
.JUMP TO ADDRESS '2F' HEX 



JMPP Indirect jJutnpt-Wityiin Page 



05 C Tl-U. :WO. 



10 11 



This Is a 2-cycle instruction. The contents of the 
program memory location pointed to by the accumulator 
are substitiitearidF thte 'p§gl# poiltibn 6lM&'(>t6glam 
counter (PC bits 0-7). 

(PC0-7)— ((A)) 

Example: Assume accumulator contains OFH. 

JMPPAG: JMPP @A ;JUMP TO ADDRESS STORED IN 

JNC address Jump If Carry Is Not Set 



1110 



1: 10 



This is a 2-cycle instruction. Control passes to the 
specified address if the carry bit is not set, that 
is, equals zero. ' - A11 .j , 

0--A tl ^*{0H) ^ (OS) 
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INSITRUCTION SET 



(PC0-7)-*- addr 
(PC) = (PC)+2 



If C=0 
IF C=1 



;JUMP TO 'NOVFLO' ROUTINE 
Ttf C-0 



Example: JCO: JNC NOVFLO 
J Nl address Jump If Interrupt Input is Low (Not in 8021 , 8022) 



1000 



0110 



87 ag 35 84 



83 82 a-| ap 



This Is a 2-cycle instruction. Control passes to the 
specified address if the Interrupt Input signal is 
low (=0), that is, an external ipterrujpt has . 
been signaled. (This sigrilf'MWai©Si|f rn^^ 
service sequfnce.W,|^e fxtemal Interrupt is enabled.) 



(PC0-7) addr 
(PC) = (PC)+2 



If 1=0 
If 1=1 



Example: LOG 3: JNI EXTINT 
JNTO address Jump If Test Is Low (H&i fh B021 ) 



;JUMP TO 'EXTINT ROUTINE 
;ff 1=0 



10 


110 




37 36 35 84 


83 32 ai 80 



This is a 2-cycle Instruction. Control passiS'4Ci the 
specified address, if the test signal is low 

, (PCo-7)-^ addr , .,, , If T0=0 
(PC) = (PC)+2 ' lfT0=1 

Example: JTOLOW: JNTO 60 " ' ;JUMP'TO'CbCAtlON 60 DEC 

;IF T0=0 

JNT1 address Jump Jf Test 1 Is Low 



0100 



0110 



^7,^6 35-34 33 32. 81 ap 



This Is a 2-cycle instruction. Control passes to ttle 
specified address, if the test 1 signal is low. 



(PC0-7) addr 
(PC;).,s;(J?C^+2 , 



If T1=0 
If T1=1 



JNZ adli^' Jump If Accumulator Is Not Zero 







10 1 


110 




37 86 85 84 


83 32 3i ao 



This is a 2-Gycfef iRitefi^fon; Coritte! pases to the 
specified address if the accumulator contents are 
lionzero at the time this instryction is executed. 



(PCo-7)^ addr 
(PC) = {PC)+2 

Example: JACCNO: JNZ OABH 
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If A*0 
If A=0 

;JUMP TO LOCATION 'AB' HEX 
;IF AGO VALUE IS NONZERO 
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INSTRUCTION SET 



JTF address Jump If Timer Flag Is Set 



1 



110 



ay ag 85 84 83 82 a-i ap 



This if a 2-cycle instruction. Control passes to the 
specified addr^ss if th@ timer flag is set tQ one;. - 
that is, the timer/counter register has overflowed. 

Testing the timer flag resets it to zero. (This 
overflow initiates an interrupt service sequence 
ft the timer-overflow interrupt is enabled.) 

' (PCo.7)-*- addr If TF=1 

(PC) = (PC)+2 If TF=0 

Example;,. gjFliOJfiJiMSfiL** im : JUMP TO TIMER' ROUTINE 

;IF TF=1 

JTO address Jump If Test Is High (Not in 8021) 



0011 



0110 



ay 36 35 84 83 32 a-i ap 



This is a 2-cycle instruction. Control passes to the 
.specified jy^dFe^-Jf^i^lje test -Or^igual if-f|jgh (=1). 

(PCo-7) -^ addr Ti .> if 70=1 
(PC) = (PC)+2 ^ .. If T0=0 



5. OJ 8' 



Example: JTOHI: JTO 53 
JT1 address Jiimp If t^t 1 fs Higfi 



;JUMP TO LOCATION 53 DEC 



10 1 



110 



3y 36 85 84 33 32 a-i ap 



This is a 2-cycle instruction. Control passes to the 
specified addres^ ;^f,thip: test 1 signal is high (=1). 

(PCp.7)-«- addr If T1=1 

(PC) = (PC)+2 If T1=0 

Example: JT1HI: JT1 COUNT ;JUMP TO 'COUNT ROUTINE 
JZ address Jum^'Tf Accumulator Is Zero 



1 1 :f • § 



1 1 1 



, 87 ag 85 84 I 83 82 #t ^0 



This is a 2-cycle instruction. Control passes to the 
specified address if the accumulator contains all 
zeros At the time this instructtohHs' ekfelititea."''' 



(PCp.7) -«- addr 

(PC) = (PC)+2 

Example: JACCO: JZ 0A3H 



If A=0 
If A^O 

:JUMP TO LOCATION 'A3' HEX 
;IF ACC VALUE IS ZERO 
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u u 1 u I u u 1 1 I I 07 06 Q5 04 I 03 02 Ql QQ I 



This is a 2-cycle instruction. Tlie 8-bit value 
specffied by-datg^ii l@atl^'1h 'th^ adcuWutMtdr. 

(A)-«- data - ^.^r,- .. 

Example: MOVA,#0A3H ;MOVE 'A3' HEX tO ACC 

MOV A,PSW Move PSW Contents to Accumulator (Not in 8021 , 8022) 



1100 



0111 



Example: 



The ct)AteiTts'of the program status word are moved 
to the accumulator. 

(A)-^ (PSW) 

Jump.to .'RBISET' routine if PSW bank switch, bit 4, 
is setT" 

'BSCHK: MOV A, PSW ;MOVE PSW CONTENTS TO AGO 
JB4RB1SET ;JUMP TO 'RBISET IF ACC 
' - ! ]i ;BIT 4=1 . 

MOV A,Rr Move Register bont^nts to AccuniQlator 



j.-.i' 



1111 



re 



r r r 



8-bits of data are moved from working register Y 
into the accumulator. . . _ 



(A)-^-(Rr) 
Example: 'MAR: MOV A.RS 



r=0-7 

;MOVE CONTENTS OF REG 3 

;TO ACC 



MOV A,@Rr Move Data Memory Contents to Accumulator 



1111 



r 



The contents of the resident data memory location 
addressed by bits 0-5*of register 'r' are ^f<^jfd to 
the accumulator. Register 'r' contents arejiinaffected. 



(A)^ ((Rr)) 



r=0-1 



Example: Assunie R1 contains 00110110. 

MAdM: MOV A,@R1 ;MOVE CONTENTS OF DATA MEM 

;LOCATION 54 to ACC 
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*0r6 for 8039/8049 



MOV A,T Move Timer/Counter Contents to Accumulator 



100 



1 



The contefTte of the timer/event^counter regi?t^r'.i 
are moved to the accumulator. 

Example: Jump to "EXIT" routine when timer reaches '64', 

thatiSj^when bit 6 set — assuming initialization 64, 

y-^MMt m.Jm/Xf'' ^- ;move rmm comEikr^l^"^ 



JB6 EXIT 



ACC 

JUMP TO 'EXIT IF ACC BIT 
6=1 



MOV PSW,A Move Accumulator Contents to PSW (Not in 8021, 8022) 



110 1 



111 



The contents of the accumulator are moved into the 

program status word. All condition bits and the 

stack pointer are affected 69 m»''m^6i' amuse/ leion! 

(pSWi^ (A) ^'^^^ 



Example: Move up stack pointer by two memory locations, 
that is, increment the pointer by one. 

INCPTR: MOV A.PSW ;MOVE PSW CONTENTS TO ACC 
INC A ilNCREMENT ACC BY ONE 

MOV PSW,A ;MOVE ACC CONTBMTS TO PSW 

MOV Rr,A Move Acoumplatori^oiiteiitorlptiBigittoi' - 



10 10 



1 r r r 



The contents of the accumulator are moved to 
register 'r'. 

(Rr)-^ (A) r=0-7 

MRA: MOV RO.A" " ;MOVE CONTENTS OF ACC TO 

;REG 



Exahfiple 

MOV Rr,#data Move immediate Data to Register 



10 11 



1 r2 r^ ro d? de ds d4 d3d2 d^dp 



This is a 2-cycle instruction. The 8-bit value- 



specified by 'data' is moved to register 'r' 



(Rr)- 



data 



r=0-7 

, insve 1 



R3TMUOO TflATS 
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iNSTRUCTIOrii SET 



Examples: MIR4: MOV R4.#HEXTEN ;THE.VALU£ OF THE. SYMBOL 

;'HEXTEN' IS MOVED INTO 

;REG 4 

MIR 5: MOV R5,#PI*(R*R) ;THE VALUE OF THE 

o'F.lu«ie(PflE^IC>N 'PI*(R*R) 

;IS MOVED INTO REG 5 
MIR 6: MOV R6, #OADH ;'AD' HEX IS MOVED INTO 

;REG6 .c. 



10 10 




|if 'Cont^ts to Paita Memory 



00 A, 



:08 Hi 



This Is a 2-cycle instruction. The contents of the 
accumulatorare moved to the resident data 
menfKjfjf^iooiatiiim^^toSsii^bb^ts^pi^ bits 
0-5* of registeT^fVRegister'r^coplSot^ 

unaffected. r ' ■ ' ; 



((Rr))^(A) ^ ' r=0-1 

Example: Assume RO contains 00000111. 

MDMA: MOV @RO,A ;MOVE CONTENTS OF AGO TO 

;LOCATION 7 (REG 7) 

MOV @R|-,#data Move Immediate Data to Data Memory 



1 1 '1^ -OWoTj ■' '^'€t7 dg fi's'cH* I <^3^<*2 ell do 

"A \ ^T^^.^l3^,^g c 'yp^ v " ■ 



'\Vt'^ OT This is a 2-cycle instruction. The 8-bit value 

specified by 'data' is moved to the resident data 
mem@«]^<^^«iltioh ntmmmii W»^3tec r-^ IsrttsLO^S? 



((Rr))-^ data 



r=0-1 



Examples: Move the hexadecimal value AC3F to locations 62-63. 



MIDM: MOV R0,#62 

MOV @R0,#0ACH 

IMC RO 

MOV@R0,#3FH 



MOVE '62' DEC TO ADDR REG 
MOVE 'AC HEX TO LOCATION 62 

INCREMENT REG TO '63' 
MOVE '3F' HEX TO LOCATION 63 



MOV T,A 



Move Accumulator Contents to Timer/Counter 

'iifitl rfsctj^tn '^vo&A 



110 



10 



The contents of the accumulator kre'-moved to the 
timer/euentrooiftiterrregisterj.:: n: . > - i 
(T)^(A) ■^- .■.ei.Jbe^. .... . r n - 

"■•O-l i^j£" -y- 1^' 

Example: Initialize and start event counter 



INITEC: CLR A 

MOV T,A 
STRT CNT 



CLEAR ACC TO ZEROS 

MOVE ZEROS TO EVENT COUNTER 

START COUNTER 
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■0-6 for 8039/8049 



tii8Tfl]tlOI€»tSET 



MO VD AjPp Move Port 4*7 Data to Accumulatoi^ • ^ 



This is a 2-cycle instruction. Data on 8243 port 
'p' is nioved (read) to accumuiator bits 0-3. 
AccuHwtatt' 



yd 



(0-3)- 
(4-7)- 



(Pp) 




p=4-7 



Ixsmi 



Note: Bits 0-1 of tlie opcode are used to represent ports 
4-7. If you are coding in binary ratlier than assembly 
language, tfie mapping is as follows: 
Bits 1 Port 

4 f^OO 

1 5 ' 

■Afi^'^ ;MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 




MQVIB. PPjA Move Accumulator Dato lg Rod 4-7 



■/iQiTA.-; 



0011 



1 1 p p 



This f&-a 2-cycle instruction. Data in accumulator 
bits 0-3 is mcfv%d (written) to 8243 port 'p'. 
Accumulator bits 4-7 are unaffected. (See NOTE 
above regarding port mapping.) 

(Pp)^ (A0.3) p=4-7 



Example: Move data in accumulator to ports 4 and 5. 

raA T' a Jj:-it&yTlF345: MOVD P4,A ;M0VE ACC BITS 0-3 TO PORT 4 

SWAP A ;EXCHANGE ACC BITS 0-3 AND 4-7 

MOVD P5,A ;MOVE ACC BITS 0-3 TO ppf f 









10 10 


11 





MOn AOOJ ='G 



'j^The contents of the program memory location addressed 
■ by the accumulator are moved to the accumulator. Only 
bits 0-7 of the program counter are' affected, limiting 
the program memory reference to the current page. The 
program counter is restored following this operation 

. (PCo-7)-^(A) 
- (A)-.- ((PC)) 



r^(^, A XVOM :MaXAh/" 



Note: This is a 1-byte, 2-cycle instruction. If it appears 
in location 255 of a program memory page, @A addresses 
a location in the following page. 
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INSTRUCTION SET 



Example: MOV128: MOV A,#128 ;MOVE '128' DEC TO AGO 

MOVP A.@A ;CONTENTS OF 129th LOCATION 

;IN CURRENT PAGE ARE MOVED TO 

MOVP3 A,@A Mif^tiiige 3 Data t^^All^liMafdr (Not i n 8021 , 8022) 



1110 



00 11 



This is a 2-cycle instruction. The contents of the 
program memory location (within page 3) addressed by 
fhe accumulator are moved to thj^iafcBumulator. The 
^ ■ prdaram'bodhier is restored foitev^intf this' operation. 

(PCo.7)*(A) J I si.S 

(PCs-iiKoon /' -rr^ 

(AK((PC)) 

Example: Look up ASCII equivalent of hexadecimal code in table 
contained at the beginning of page 3. Note that ASCII 
character»-ai« designated by<a 7-bit 'eode^ the eighth) < 

r.j, ; , bit is always reset. 

TABSCH: MOV A,#0B8H ;MOVE 'B8' HEX TO ACC (10111000) 
\ ANtiA7#7rtH iLOGICAL Am^t T0#ASK BfT 

;7 (oqmoqo) - , 

M0VP3 A,@A ;MOVe^dbNtEN-fs Cij^ LOCATION 
-,!u~vj- . r, ;'38' HEX IN PAGE ^, TO ACC 

! q noq , UASCII '8') 

Access ^Gontenisf&f ^t)cation fn page 3- lak)elled, TABI . 
Assume current program location is not in page 3. 
TABSCH: MOV A,#LOW TABI ;ISOLATE BITS 0-7 OF LABEL 

;ADDRESS VALUE 
MOVP3 A,@A ;MOVE CONTENTS OF PAGE 3 

;LOCATION LABELED TABI' 
;TOACC 

M6VXA@Plr ^ite iM^ritils^bata-Mertd^ bWents to Accumulator 

[tO^bWl^l'f ^P^^" ^^^^^ -'-^ ' (Not ill 8021, 8022) 



This is a 2-cycle instruction. The contents of the 
bQses .external data, ip.empry ipcati,on addressed by register 
yin'-i 'V are^gvfti,^ the aceurriuliator. Register 'r' conjents 
are unaffected. ,, , 

Example: Assume R1 contains 01110110. 

MAXDM: MOVX A,@R1 ;MOVE CONTENTS OF LOCATION 

;118ttfAlCC 
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MOVX @Rr,A Move Accumulator Contents to External Data Memory 



1001 



OOOr 



(Not in 8021, 8022) 



Exiiitflfe: 



This is a 27cycle instruction. The contents of the 
accumulator are moved to the external data memory 
location addressed by register 'r'. Register 'r' 
contend 'iif4iiirfiiEt.e^ ' ' nnitouDsni 

((Rr))-*-A r=0-1 
Assume RO contains 11000111. 

MXDMA: MOVX @RO,A ;MOVE CONTENTS OF ACQ TO 

;LOCATION 199 IN EXPANDED 
- ;DATA M6*40FW ^ -M' ■ -^^"^ 



NOP The NOP Instruction 











No operation is performed. Execution continues with 
the following instruction. (qq, . 



ORL A,Rr Logical OR Accumulator R^c(^6r Makk 



10 



1 r r r 



-^ata in the accumulator is logically ORed with the '^l^- rlllil^ 
mask contained in working register 'r'. 

(A)-*- (A) OR (Rr) r=0-7 

Example: ORREG: ORL A,R4 ;'OR' AGO CONTENTS WITH 

;MASK IN REG 4 

ORL A,@Rr Logical OR Accumulator With Memory Masl( 



is 208 



Data ir^ the adcumiiiifc&fei/^J^JS^^ ' . 

contained in the resident data ifi$l^pi@^^£^'o^;.referenced by 
register Y', bits 0-5* '■ ^ ' ' 

. ... .oiliG . BUS jruo 

(A)^ (A) OR ((Rr)) 



r=0-1 



Example: ORDM: MOV R0,#3FH 
ORL A,@RO 



_l"J C 



;MOVE '3F' HEX TO REG 
;'0R' ACC CONTENTS WITH MASK 
;IN LOCATION 63 



ORL A,#data Logical OR Accumulator With Immediate Mask 



10 



11 



d? de ds d4 da d2 di do 



This is a 2-cycle instruction. Data in th,e accumulator 
-Av. is log|(@aNy.:QRi$dbiidt^3Mdm{T)tdiffM 



Example: GRID: ORL A,#'X' 
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;'OR' ACC CONTENTS WITH MASK 
; 01 01 1000 (ASCII VALUE OF 'X') 



ORL BUS,#data idgiegi 0R tgS WMMi^ Mask (Not in B021, 8022) 



100 



1 cl7d6d5d:4 'dadg di do 



Example: 



This is a 2-cycle instruction. Data on the BUS port is 
logically ORed with an immediately-specified maslc. This 
instruction assumes jifior specification of an 'bBTL BUS.A' 

instruction. 

(BUS)-*- (BUS) OR data 
ORBUS: ORL BUS,#HEXIVISK 



ORL Pp, #data 



'OR' BUS CONTENTS WITH 
MASK EQUAL VALUE OF SYMBOL 
'HEXf^SK' 

Logical OR Port 1 or 2 Wtth Immediate Mask (Not in 

~ 8021,8022) 



1 lOpp dydeds d4 d3d2dido 



This is a 2-cycle instruction. Data on port 'p' 

is logically ORed with an, icnmediately-specified mask. 

(Pp)-«- (Pp) OR data p=1-2 
Example: 0RP1: ORL PI, #OFFH ;'OR' PORT 1 CONTENTS WITH 

;MASK 'FF' HEX ( SET PORT 1 
;TO ALL ONES) 

ORLD Pp,A Logical OR Port 4-7 Witti Accumulator Mask 



10 



1 1 p p 



This is a 2-Gycl@tnstruction. Dataon port 'p' is 

. -, -, , logically ORed with the digit mask cpntained in 
accumulator bits 0-3. ' 

(Pp)-i- (Pp) OR (A0.3) p=4-7 

Example: ''••0RP7:t)ftLD P7,A " ;'0R' PORT 7 CONTENTS 

;WITH ACC BITS 0-3 

OUTL PO,A Output: Accumulator Data to Port (8021, 8022 Only) 





10 1 







OUTL BUS,A Output Accumulator Data to BUS (Not in 8021, 8022) 







10 





This is a 2-cycle instruction. Data residing in the 
accumulato?.iS'%ansferred (written) to the BUS port and 
latched. The latched data remains valid until altered by 
another OUTL instruction. Any other instruction 
requiring use of the BUS port (except INS) destroys the 
contents of the BUS latch. This includes expanded 
rneitiOPr ©iSferarthjns (such as the MOVX instruction). 
Logical operations on BUS data (AND, OR) assume the 
OUTL BUS, A instruction has been issued previously. 



Does not 
apply for 
OUTL 
PO,A 

of 8021 , 8022 



(BUS)-<- (A) 
Examplr^v OUf I^Be^tpUTL, BUS,A 
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;OUTPUT ACC CONTENTS TO BUS 



4-28 



ll||l$TflU@Tll)|<l^r 



OUTL Pp,A Output A^umutetol^l%iri^iDVlM 1 oir2 



00 11 



1 Op p 



This Is a 2-cycle instruction. Data imiding in the ' 
accumulator Is transferred (written) to port 'p' and 
latched. 



Example: 



(Pp)^(A) 

OUTLP: MOV A,R7 
OUTL P2,A 
MOV A,R6 
OUTL PI, A 



p=1-2 

MOVE REG 7 CONTENTS TO AGO 
OUTPUT AGG CONTENTS TO PORT 2 
MOVE REG 6 CONTENTS TO AGO 
OUTPUT ACC CONTENTS TO PORT 1 



RAD Move Conversion Result Regil(tiR"to Accumlator (8022 Only) 



1000 00 00 



This is a two cycle instruction. The contents of the A/D Gonversion 
result register are moved to the accumulator. 



(A) (CRR) 
RET Return Without PSW Restore 



This is a 2-cycle instruction. The stack pointer 

(PSW bits 0-2) Is decremented. The program counter ^ ,„ 

is than i!^red from m'&M^m'Mt-iW 



not restored. 



(SP)- 
(PC)- 



(SP)-1 
((SP)) 



r (■ 



RETI Return From interrupt (8022 Only) 



31 ■ 





1 11 


011 



This is a two cycle instruction. The stack pointer is decremented and 
the program counter is restored frohi the stack. Inteif 0|ilt-fHj5tit logic is 
re-enabled. 



(SP)- 
(PC)- 



(SP)-1 
((SP))+1 



3 RjO , 
A j>! 



31; . 
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RETR Return With PSW Restore (Not in 8021 , 80^) 



10 1 11 



TMOq CT 87'. 



This ij! a 2-cycle instruction. The stack pointer is 
decremented. The program counter and bits 4-7 of the 
PSW are then restored from the stack. Note that RETR 
should be used to return from an interrupt, but 
should not be used within the interrupt service 
routine as it signals the end of an interrupt routine by 
resetting the fnterj-Qpt in Progr^ flTpfiop. 

(SP)^ <.SP)-1 .', ' ' ' 

(PC)-.- ((SP)) 
(PSW4-7)-*- ((SP)) 



RL A Rotate Left Without Carry 



1110 111 



The contents of the accumulator are rotated left one 
bit. Bit 7 is rotated into the bit position. 



(An+1)-^ (An) 
(AO)-.-- (A7) 



n=0-6 



Example: Assume accumulator contains 10110001. 

RLNC: RL A ;NEW ACC CONTENTS ARE 01100011. 



RLC A Rotate Left Throiigh^Carry 



1111 



111 



The contents of the accumulator are rotated left one 
bit. Bit 7 replaces the carry bit; the carry bit is 
rotated into the bit position. 



(An+1)-*- (An) 

(AO)-.- (C) 
(C)-^ (A7) 



n=0-6 



Assume accumulator contains a 'signed' number; 
isolate sign without changing value. 



RLTC: CLR C 
RLC A 

RR A 



;CLEAR CARRY TO ZERO 

;ROTATE AGO LEFT, SIGN 
;BIT (7) IS PLACED IN CARRY 
;ROTATE ACC RIGHT — VALUE 
(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED. BIT 7 
;IS ZERO 
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mrSTRUCTION SET 



RR A Rotate Right Without Carry jiiri^<-s <io. . ^^M iu^N^o uttM J■i^ 



111 



111 



r r 



r,;- 



The contents of the accumulator are rotated right 
one bit. Bit is rotated into the bit 7 position 



(An)-^ (An+1) 
(A7)^ (AO) 



Example: Assume ac6iteiBf(lfiiM«9iHfljns 10110001. 

RRNC: RR A ;NEW ACC CONTENTS ARE 11011000 



RRC A Rotate Right Through Carry 



110 



111 



The contents of the accumulator are rotated right om^ 
bit. Bit replaces the carry bit; the carry bit is . 
rotated Jjit^ tti^j^li^ 7 |>o^^^^ .. , . 

(An)-*- (Arna^ yiorr n=0-6 

(A7)^(C) 

(C)-fr- (Ao) 

Example: Assume carry is not set and accumulator contains 
10110001. 

RRTC: RRC A ;CARRY IS SET AND ACC 

;CONTAINS 01011000 

SEL ANp,^ Select Analog Input Zero (8022 Only) 



100 1 


0101 




Select Analog Input One (8022 Only) 






r 


10 


10 1 





One of the two analog inputs to the A/D converter is selected. The 
conversion process is started. Restartjpg, a sequence deletes the 
sequtenoe-irr iprogfessi i^'^i e-'E t-o .t.oijs'x.^i gn^i- 



r — (88) 



Tikil IHL ;£QOJ 



INSTRUCTION SET 



SEL MBO Select Memory Bank (Not in 8021, J8mio} 



1110 



10 1 



All references t^<|S>Rf9ra>n'ttw#i©i!y addrreSscB- 
the range 0-2047. , ,;^r;A -i- - 

(DBF)-*- (o V, -►.^ 

Example: Assume prograTfi^^(afnldr«l9ntdMs'834:MeM.i '^-?^' i^lcrr > 
SEL MBO iSEL^f^feMbRY BANK 



JMP $+20 



JUMP T^ISp§MitT|€!N A 

48 HEX 



SEL MB1 



Select Memory Bank 1 (Not in 8021. 8022) 



1111 



10 1 



PC bit 11 is set to one on next JMP or CALL instruction. 
All references to program memory adttrddses fail 
within the range 2048-4095. 

(DBF)-^ 1 

SELRBO Select Register Bank (Not in 8021«)(^2) 



1 1 tyjo 



PSW bil 4 is set to zero. References to working 
registers 0-7 address data memory locations 0-7. 
-_T*is-isifte fWdiiimerfdfetf ^ettifilg^ teVi^Sl6i'nidrptegrain 
execution. 



(BS)-«- 

SEL RBI Select Register Bank 1 



(Npt ip 8021, 8022) 



110 1 



10 1 



.11^ b9t09l9c 



PSW bit 4 is set to one. References to working registers 
' lO-T^aaKisS dataitiefn@ry iXftMitm& >m^1. This is the 
recommended setting for interrupt service routines, 
since locations 0-7 are left intact. The setting of 
PSW bit 4 in effect at the time of an interrupt is 
restored by the RETR instruction when the interrupt 
service routine is completed. 

(BS)— 1 

Example: Assume an external interrupt has occurred, control 

has passed to program memory location 3, and PSW bit 
4 was zero before the interrupt. 

LOC3: JNI INIT ;JUMP TO ROUTINE 'INIT' IF 

:INTERRUPT INPUT IS ZERO 



MnsrtRSntercopyrlgtTt iBtBl-Corporation -tSTft — 
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wwmootioiviw 



INIT: MOV R7.A 



SEL RBI 
MOVR7.#0FAH 



MOVE AGO CONTENTS TO 
LOCATION 7 ~~ 
SELECT REG BANK 1 
MOVE 'FA' HEX TO LOCATION 31 



SEL RBO 
MOV A,R7 
RETR 



;SELECT REG BANK 
;ReSTORE ACC FROM LOCATION 7 
;FiETURN |^.flEjS'q5!^^| PC AND PSW 

STOP TCNT Stop Timer/Event-Counter ' " 



110 



10 1 



This instruction is used to stop both time accumulation 
and fev^ht cTBUhtlhg. "' 

Example: Disable interrupt, but jump to interrupt routine after 
eight overflows and stop timer. Count oveff^.vf/^in 
register 7. — 



START: 



MAIN: r 



DIS TCNTI 
CLR A 
MOV T,A 
MOV R7,A 
STRT T 



JMP MAIN 
COUNT:^Sfe}'ft7' '^^^ 
MOV A,R7 
JB3 INT 



sJMP MAIN 



DISABLE TIMER INTERRUPT 

CLEAR ACC TO ZEROS 

MOVE ZEROS TO TIMER 

MOVE ZEROS TO REG 7 

START TIMER - 

JUMP to ftOUTINE 'COUNT 

IF TF=1 AND CLEAR TIMER FLAG 

CLOSE LOOP 

INCRliy^&^f REG 7 

MOVE REG 7 CONTENTS TO ACC 

JUMP TO ROUTINE 'INT IF ACC 

BIT 3 IS SET (REG 7=8) 

OTHERWISE RpT^IJF^NTO ROUTINE 

MAIN ' ' ' ' 



INT; 



STOP TCNT 
JMP 7H 



STOP TIMER 

JUMP TO LOCATION 7 (TIMER) 
INTERRUPT ROUTINE 



Ci V A 



^.-U . - ' .V - 



Oa HOITAOOJ 
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STRT OIT Start Event Counter 



,0100 



10 1 



re nc-T'i 



The test 1 (T1) pin is enabled as the event-counter 
input and the counter is started. The event-counter 
register is incremented with each high-to-low transition 
on the T1 pin. 

EiMpI^: Initialize and start event counter, /^^lime overflow 
HOITADC J jg cfeiiJred with first T1 input. ^ " ' 



input. 

SfAFtTC: EN TCNTI ;ENABLE COUNTER INTERRUPT 

MOV A^«i3FJ*t -;MQy£ 'FJj: .hex jIQNES) to 
rAce 

MOV T,A ;MOVE ONES TO COUNTER 

STRT CNT ;ENABLE T1 AS COUNTER 
; .||sjpuT AND START 



T §tart Timer 



10 1 1 1 



Timer accumulation is^initiated in the timer register. 
The register is incremented every 32 instruction cycles. 
The prescaler which counts the 32 cycles is cleared 
but the timer register is not. '\ ' 



Example: Initialize and start timer. 
T 1/; U > ; STAflTTj P^fi A : . t . 

EN TCNTI 
STRT T 



.CimH^CQ TO ZEROS 
;MOVE ZEROS TO TIMER 
;ENABLE TIMER INTERRUPT 
;START TIMER 



SWAP A Swap Nibbles Witliin Accumulator 

— O i'\ 1 — -'• ' 



10 



111 



Bits 0-3 of the accumulator are swapped with bits 
4-7 of the accumulator. 

(A4.7)X(Ao-3) 
Example: Pack bits 0-3 of locations 50-51 into location 50. 

PCKDIG: MOV RO, #50 ;MOVE '50' DEC TO REG 
MOV R1, #51 ;MOVE '5if''''bEC TO REG 1 
- XCHD Ar@Pl0 ;EXCHANGE BITS 0-3 OF AGO 
;AND LOCATION 50 
SWAP A ;SWAP BITS 0-3 AND 4-7 OF ACC 

XCHD A,@R1 ;EXCHANGE BITS 0-3 OF ACC AND 

; LOCATION 51 
MOV @R0,A ;MOVE CONTENTS OF ACC TO 
;LOCATION 50 
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XCH A,Rr '^cH^ftg^ iVcdiinvt^titd^^^egist^^ Contents 



T 



1 r r r 



The contents of the accunnulator and contents of 
, ; , , .yitorking ,re^t$t^^ 'r' ^^^exchanged. 

Re.;- . (A)X (Rr) r=0-7 

Example: Move PSW contents to Reg 7 without losing 

accumulator contents. , ; 

^HA R T: X C H A,R r {EXCHANGE CONTENTS OFREGT 

;AND ACC 



f 1°) 



MOVE PSW CONTENTS TO ACC 
EXCHANGE CONTENTS OF REG 7 
AND ACC AGAIN 



XCH A,@Rr Exchange Accumulator and Data Memory Contents 



10 



r 



.Tlje QQnt§9^ of Jjie, g(:j?yniulat9t and the.Qoijtgnts gt. 
the resident data-memory tocattqn addressed by brts 

0-5*of register 'r' are exchanged.! Roister 'r' 
contents are unaffected. , 



(A)' 



((Rr)) 



r=0-1 



Example: 



Decrement contents of location 52. 

;MOVE '5i2*-dfet^^¥crAtJDRESS 

lEXCHANGE CONTENTS OF ACC 

;AND LOCATION 52 
;DECREMENT ACC CONTENTS 
;EXCHANGE CONTENTS OF ACC 
;AND LOCATION 52 AGAIN 



DEC'Si: »@*!K),#^'j' 

XCH A,@RO 

jGJ I/'I 

DEC A 



XCHD A,@Rr Exchange Accumulator and Data Memory 4-Bit Data 



1 1 



This instruction exchanges bits 0-3 of the accumulator 
with bits 0-3 of the data memory location addressed by 
bits 0-5*of register 'r'. Bits 4-7 of the accumulator, 
bits 4-7 of the data niemory location, and the contents 
of regiat@r Y afef'unaTfedted. 



(Ao-3)^ ((R''0-3)) 



r=0-1 



Copyrtght Intel Corporation 19^ 
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INSTRUCTION SET 



Example: Assume program counter contents have been stacked in 

locations 22-23. 

XCHNIB: MOV R0,#23 ;MOVE '23' DEC TO REG 
CLR A .CLEAR ACC TO ZEROS 

XCHD A,@RO ;EXCHANGE BITS 0-3 OF ACC 
AND LOCATION 23 (BITS 8-11 
OF PC ARE ZEROED, ADDRESS 
REFERS TO PAGE 0) 

XRL A,Rr Logical XOR Accumulator With Register Mask 



110 1 



1 r r r 



Data in the accumulator in EXCLUSIVE ORed with the mask 

contained in working register 'r'. 



(A)-^ (A) XOR (Rr) 
XORREG: XRL A,R5 



r=0-7 



Example 

XRL A,@Rr Logical XOR Accumulator With Memory Mask 



;'XOR' ACC CONTENTS WITH 
;MASK IN REG 5 



110 1 



©0 Qp 



Data in the accumulator is EXCLUSIVE ORed with the mask 
contained in the data.memory location addressed by 
register 'r', bits 0-5! 



(A)^.(A)^OR.((ei^,f,, f=o-* 



Example: XORDM: MOV R1, #2fifFI 
^ XRL A.@R1 



MOVE '20' HEX TO REG 1 

'XOR' ACC CONTENTS WITH MASK 

IN LOCATION 32 



XRL A,#data Logical XOR Accumulator With Immediate Mask 



110 1 ' 1 1 



d7d6d5d4 d3d2dido 



This is a 2-cycle instruction. Data in the accumulator 
is EXCLUSIVE ORed with an immediately-specified mask. 

Exampl^r XdRib: XOrt A,|^i'E)(fEl^;XOR CONTENTS OF ACC WITH 

;MASK EQUAL VALUE OF SYMBOL 
I'HEXTEN' 



hln^^;^^^ c^f^lght Intel Corporation 1976. *0-6 for 8039/8049 
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Application Examples 



5 



APPLICATION EXAMPLES 



5.0 Introduction 

The following chapter is organized in two 
sections, Hardware and Software. The 
hardware section gives examples of some 
typical configurations of MCS-48 compon- 
ents while software section gives assembly 
language listings of sofflp-iigftinmon appli- 
cations routines. 

5.1 Hardware Examples 



8*08 



CRYSTAL OSCILLATOR MOQE 



< 15 pF 
(INCLUDES XTAL, 
SOCKET, STRAY) 



1S-2S pF 
(INCLUDES SOCKET. 

STRAY) -r 



DRIVING FROM EXTERNAL SOURCE 



-o 




CRYSTAL SERIES RESISTANCE SHOULD BE <7Se AT 6 MHz; <180a AT 3.8 MHl. 



eii ri .: {ttamitb 80M0 ve »vh^ 
ytilkii!' >qmciO SOMO lot qulh 



BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN, 
f HiM^fiT^^A^^^DE^ ^ ENSURE Vm<i3.m/ 



NOTE: 

A STANDARD SERIES RESONANT XTAL SUCH 
AS CTS KNIGHTS MP060 OR CRYSTEK CVeB 
WILL PROVIDE BETTER THAN .1% FRE- 
QUENCY ACCURACY. 

EACH C SHOULD BE APPROXIMATELY Xipfp'^'^^^ ''^ 
INCLUDING STRAY CAWy|rrAN<%ffg|J -JOloO VT 
MORE INFORMATION ON XTALS SEE INTEL 
APPLICATION NOTE AP4S. 



LC OSCILLATOR MODE 



L_ C_ NOMINAL I 

4SliH 20pF SjlllHz 
120 vH 20|^ 3.2 MHz 



" 2»/ L0' 



,_ C + 3CW 
2 



Cpp = 5-10pFPINTOPIN 
CAPACITANCE 



.'EAC<ll>G>S)«eUlM».AI!IMI|dXlMATELV 20 pF, INCLUDING STRAY CAPACITANCE. 

NOtE: SEE PAGC S-3 FOR 8021 ■ 
FREQUENCY REFERENCES. 



FREQUENCY REFERENCE OFnONS 



APPLICATION EXAMPLES 



40 ,26 .20 



HI 



15-26pf 



lj«r> ^- .4 



Vcc Vdd Vss 
XTAL 1 



8049 
8048 
8748 



TO 



n 



|11 |g |25 |10 
NC NC 



iNT 

"1 JVLE R0i PROG WR RD 



PIO 
P11 
P12 
P13 
P14 
. P15 
P16 
P17 

P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 

DBO 
DBl 
DB2 
DB3 
DB4 
DBS 
0B6 
DB7 



1' 



INPUT 
AND 
OUTPUT 



INPUT 
AND 
OUTPUT 



INPUT 
AND 
OUTPUT 



All inputs and outputs (except RESET, XI, -X2) 
standard TTL compatible 

PI and 92 outputs drive 5V CMOS directly others 
require 10 to SOKO puilup for CMOS compatibility 



XTAL: Series Resonant 
1to6A/lMr 
' or - 

Parallel Resonant 
for higher 
. . accuracy 



CTS Knights MP060 
CrystetW©^ . 
or equivalent 
or stand3!;(S ;3^S(,|ytH^, 
TV Color BHf^irrAL^ - 



J if!'' ' 



h T 



THE STAND ALQHE#048/8049 



6-S 



+SV GND 



i28 



r 

■u "uqJ 



lMfd_l- 
10V X 17 



INPUT 



13 





Vcc 


Vss 




XTAL 1 




P01 








P02 








P03 


XTAL2 




P04 








P05 








P06 




: 9 




P07 


RESET 




P10 
P11 








P12 




. 1 


8021 


PI 3 
- P14 
P15 
P1.6 


ti 






P17 

[»£ 

t J/TX 


Tl 






P20 
P21 
P22 


L ALE 


PROG 


P23 



INPUT 

AND 

OUTPUT 



y PORT 1 



INPUT 

AND 

OUTPUT 



INPUT 

AND 

OUTPUT 



+5V 



X2 



3TAS 



TTL ! 
GATE 



XTAL 1 



LC 

ALTERNATE FREQUENCY REFERENCE OPTIONS 
(COMPONENT VALUES TO BE DETEMttlNED) 



CRYSTAL jAT8YfK) 



EXTERNAL , 

Zl«>lTTO 33M3fi31 3P ' «3lf;j3«n 3T AstRST JA 



THE STAND ALONE 8021 



SSOl ?MOJA OHAT2 3HT 



»3 



APPLICATION EXAiMPtKS 



lOOpF 
SILVER MICA 



"[_ 




Vcc 



varef 

AVss 



T1 



Jk. 

RESET 



P10 

P11 

P12 
F13 
P14 

P15 
P16 
P17 



[INPUT 1 
AND 
outputJ 



PJO 
P21 
P22 
P23 
P24 
P25 
P26 
P27 

Vth 

POO 
P01 
P02 
P03 
P04 
P05 
P06 
P07 



[INPUT 1 
AND 
outputJ 



[INPUT 1 
AND 
OUTPUTJ 



+SV 



Optional 




.6-3.6mHZ 



X2 



TTL 
GATE 



XTAtI 



XTAL2 



NC— 



l, ^*'*'' ^ ' CRYSTAL ' ■ EXTERNAL 

ALTERNATE FREQUENCY REFEnENCE OPTIONS 
(COMPONENT VALUES TO BE DETERMINED) 



THE STAND MHIfE 8022 



DEVICE 
1 



DEVICE 
2 



DEVICE 
3 



OPEN 
COLLECTOR 
INVERTERS 



30 







INT 


8049 




8048 




8748 




8035 




8039 


P10 




P11 


ANY 


UNDEDICATED 




PORT LINES 


P12 


CAN BE USED 


P13 


.. ■ ■ 1 
. -.J 


i i. 





• All devices equal priority 

• Processor polls Port 1 to determine interrupting device 



MULTIPLE INTERRUPT S^IMM 



5-5 




DBO 




DBl 




DB2 




DB3 




WR 






8049 




8048 




8748 




8035 




8039 


P10 




P11 




PI 2 




INT 






ALE 



• Processor polls Port 1 to determine Interrupting device 
•JProcessorjBets priority level by writing 4-bits to 8214 



MULTIPLE INTERRUPTS WITH PRIORITY LEVELS 



APPLICATION EXAMPLES 



Vcc Vdd Vss 
XTALl 



8049 

8048 

8748 

8035* 

8039* 



PIO 

P11 

PI 2 
P13 
P14 
P15 
P16 
P17 

P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 



D80 



ALE PSEN PROG WR HO 



DB3 
DB4 

DB5 
DB6 
DB7 



•EA - 5V FOR S03B/8039 



+5V GND 
I 24 I 12 



8212 
LATCH 



Dl, 
Dl2 
DI3 
DI4 
OI5 
Dl6 
Dl, 
Dlj 
CLR 



DO1 

DO2 
DO3 
DO4 
DO5 
DOs 
DO7 
DOs 



OS2 MO OS^ 

J7JT 



6 2 


8 3 


10 


4 


15 


5 


17 


6 


19 


7 


21 8 



+5V 


+12V 


-5V 


GNO 


1 24 


1 '3 


1 2^ 


|l2 


Vcc 


Vdo 




Vss 



8708 
IK X 8 
EPROM 



...1 



• 8212 serves as address latch 

• Address is Malid^while ALl is biglvand-is4atched 
when ALE t^ps \^ 



va T3;: ii .':' 

:J'..1IJ rPlC« 



EXTERNAL PROCSRAIM MTEK 



I ^A^ yicf- v 



3 " 



5-7 



APPMQATION EXAWPUES 




NC - 



.40 |2e |20 

Vcc Vdo Vss 

XTAL 1 . 



RESET' 



8049 

8048 

8?48— 

8035* 

8039* 



INT 



PIO 
P11 
P12 
P13 

ei4 

' P15 
P16 
P17 



P20 
P21 
P22 
P23 
P24 
P25 
P.26, 
P27 



DBO 
DBl 
PB2 
DBS 
DB4 
DBS 
D86 
DB7 



ALE PSEN PFOG WR RD 



1/0- 



GND 



12 




12 


13 




13 


14 




14 


15 




T5 


16 


- — * 


16 


17 




17 


18 




18 


19 




19 



*EA = 5V FOR 8035/8039 



CAN BE SUPPLIED BY SYSTEM 
RESET OR PORT LINE OF 8048 



40 



20 1 



Vcc Vdd Vss CI 



A8 
A9 
A10 

ADO 
ADl 

AP3 
AD4 
AOS 
A06 
AD7 

i5R 



8355 
8755A 
2Kx8 
ROM 



PAD 
PA1 

PA2 
PA3 
PA4 
PAS 
PA6 
PA7 

PBO 
PB1 
PB2 
PBS 
PB4 
PB5 
PB6 
PB7 



24 

25 
26 
27 

28 
29 
30 
31 

32 
33 
34 
35 
S6 
37 
38 



RESET 



T 



NC 



|6 
NC 



• External I/O ports are addressed as data memory PA=00 PB=01 

• If the 8048'is internal Program Memory is used this configuration will result in 
the upper 1K of external memory being addressed before the lower IK. 
Inverting A10 will correct this if necessary. This inversion is not necessary if 
the 8049 is used. 



ADDING A PROGRAM MEMORY AND I/O EXPANDER 



5-8 



40 1 26 



20 



II 




1 


it^ ► 

7 



Vcc Vdd Vs? 

,L 1 ^; ' 

»CiA 



XTALt: 



8049: 

8748 

8035* 

80397 



TO 
T1 



PID 
Pll 

Ipi? 

..i>14, 
P15 
P16 
P17 

P20 
P21 
P22 
P23 
P24 
P25 

OBO 
OBI 
|>B2 
DB3 
DB4 
DB5 
DB6 
DB7 



ALE PSEN PROG WR RD 



- I/O 



fV TOR 80^/8039 



CAN BE SUPPLIED BY SYSTEM 
RESET OR PORT LINE OF 8048 



ADD 
ADl 
AD2 
AD3 
AD4 
AOS 
ADG 
AD7 

IQ/SS 

RD 

WR 

ALE 

CE 



Vcc 



Vss 



8155 
256 X 8 
RAM 



RESET TIMER 
OUT 



TIMER 
IN ' 



PAO 
PAl 
PA2 
PA3 
PA4 
PAS 
PA6 
PA7 

PCO 
PCI 
PC2 
PC3 
PC4 
PC5 

" PBO 
PB1 
PB2 
PB3 
PB4 
PBS 
PB6 
PB7 



39 



- I/O 



Both I/O and RAM are addressed as data memory 
Writing a bill to P27 determines whether RAM or I/O is 
to be accessed ' 







ADBING A DATA MEMORY AND 







'■''■•J V'- OPTIONAL GATE 

TOWEVENT 
-HOLT' IN 

+6V mn paooRAM 




40 28 20 



t 



Vcc VbD V% 

XTAL1 



RESET a 



8049 
8048 
8748 



ALE PSEN PROG V5R RD 



P10 
P11 
PI 2 
PI 3 
PI 4 
PI 5 
>16 
' P17 

P20 
P21 
P22 

,-.(>23 
P24 
P25 
P26 

, P27 

OBO 
□B1 
DB2 
DB3 
DB4 
DBS 
DB6 
DB7 



0\i 



CAN BE SUPPLIED BY SYSTEM 
RESET OR PORT LINE OF 8048 



-ISV -leV GNO GND 
I40 Is I20 |l 



Vcc 


vbp Vss ei 




A8 




PAO 


A9 




PA1 


AID 




PA2 






PA3 


ADO 




PA4 


AD1 




PA5 


AD2 




PA6 


A03 




PA7 


AD4 






ADS 


8355 


PBO 


AD6 


8755A 


PB1 


AD7 


2Kx 8 


PB2 




ROM . 


PBS 


lOR 




PB4 






PB5 


low 




PB6 






PB7 


RD 






ALE 






CE 






RESET 







+6V 
40 



GND 
20 



Vcc 



Vss 



ADO 
AD1 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 

lO/M 

RD 

WR 

ALE 

CE 



RESET TIMER 
OUT 



8156 
256 X 
RAM 



8 



PAO 
PA1 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

POO 
PCI 
PC2 
PC3 
PC4 
PCS 

PBO 
FBI 
P82 
PB3 
PB4 
PB5 
PB6 
PB7 



• This configuration is explained in section 3.4 



THE fMiieg CHIP SYSTEM 



the basic I/O capability of the R/rCS-48'" 
microcomputers can be easily expanded 
externally using either the 8243 I/O 



the combination memory/IO expanders 
illustrated on the preceeding pages are not 
required. 



40 ,26 ,20 



Vcc Vdd Vss 



8049 
804S 
8748 
-V. ,4035 
8039 



INPUT 



TO 
Tl 
INT 













I24 









ALE PSEN PRCG WR RD 



PIG 
P11 
P12 
P13 
P14 
P15 
P16 
P17 

P20 

P21 
P22 
P23 
P24 
P25 
P26 
P27 

DBO 
DB1 
DB2 
□83 
DB4 
DB6 
DB6 
DB7 



Vcc 



6NC °> 
! JATX — 



8243 
EXPANDER 



P20 
P21 
P22 
P23 



P40 
P41 
P42 
P43 

P50 
P51 
P52 
P53 

P60 
P61 
P62 
P63 

P70 
P71 
P72 
P73 



I/O 



M«M"S08 3HT OT RBQMAqxa 0\l HA SWiaOA 



ADDING AN I/O EXPANDIR 



5-11 



ton SIB esgeq pnii 



28 14 



lb 

c 



1(iW J- 
10V X 17 



DIODE ' 
OPtlCtNA 



ICtNAL 



1&- 



! INPUT- 



L- 



Vcc 
XTAL1 



8021 
8022* 



POO 
P01 
P02 
P03 
P04 
P05 
P06 
P07 

P10 
P11 
P12 
P13 
P14 
P1B 
P16 
P17 



P20 
P21 
P22 
P23 



26 


11 


27 


10 


1 


9 


2. , - 8 



12 3 



•PIN NUMBERS ARE DIFFERENT FOR 8022 



+SV 


GND 


I24 


|l2 


Vcc 


GND 



8243 
I/O 

. EXPANDER - 



P20 
P21 
P22 
P23 

PROG 

CS 



P40 
P41 
P42 
P43 

P50 
P61 
P52 
P53 

P60 
P61 
P62 
P63 

P70 
P71 
P72 
P73 



I/O 



ADDING AN I/O EXPANDER TO THE 8021,8022 



r w.C 



S>12 



EXAMPLES 




40 26 20 



Vcc VoD VSS 



8049 
8048 
8748 
8035 
8039 
8021* 



PIG 
Pll 
P12 
P13 
P14 
P15 
P16 
P17 

P20 
P21 
P22 
P23 
P24 
P25 
P2C 



TO 
Tl 
INT 



ALE PSEN PROG WR RD 



DBO 
DB1 
DB2 
DB3 
DB4 
DBS 
DB6 
DB7 



- I/O 



ir.ifv - J ■■■ - 90 li w -He 

*PIN NUMBERS AREBIFPERMfl 



I I 
II 



I I I 
I I I I 
I I I I 



+5V 
1.4 



GND 

ll2 



Vcc 



8243 
I/O 
EXPANDER 



P20 
P21 
P22 
P23 



4SV 
24 



GND 



P40 
P41 
P42 
P43 

PSO 
P51 
PS2 
PS3 

P60 
P61 
P62 
P63 

P70 
P71 
P72 
P73 





Vcc 6ND • 


P4a 

P41 
P42 






P43 






PSO 






P51 




8243 

I/O 


PS2 
P53 




EXPANDER 


P60 


P20 




P61 


P21 




P62 
P63 

P70 


P2? 
P2^rl 




PROG 




P71 

ri2 


cs 







ADDING MULTIPLE I/O EXPANDERS 



iA-4? 



APPUCATION EXAIiPLES 



The bus is normally used as an output port. To 
use it as an input port the bus is put in the high 
mpedance state using the MOVX instruction 
1_ and then read using the INS instruction. The 
•" resistor value chosen is a function of the 
Jc9vtput loading and the characteristics of the 
-iJiiiiput signals. 

i'." 




ADDING 8 INPUT LINES 



40 i26 120 



1 ■ I 
S3 



Vcc Vdd Vss 
KTALI 



8748 



T1 
iNT 




ALE i*5EN PROG WR R D 
|11 |9 |25 |10 



P22 
P23 
P24 
P25 
P26 
P27 

DSO 
DB1 
0B2 
0B3 
DB4 
DBS 
DBS 
DB7 



! 1 





CLR 


OB 








07 








OS 








05 




D 
A 


IIS) 


04 
03 




B 




02 




C 


G 


01 





Individual bits of the 74LS259 eight-bit 
addressable latch can be set or reset using the 
OUTL instruction. During the OUTL operation 
bit zero of the accumulator is written into the 
bit^ltie tatch specified by bits 1 through 3 of 
the accumulator. In this configuration DBo- 
DB7 will be momentarily disturbed while the 
external latch is loaded. 



ADDING 8 OUTPUT LINES 



6-14 



+bV UiMU 



40 26 . 20 



Vcc Vdd Vss 
XTAL 1 



8049 
8048 
8748 
8021* 
8035 



PI 4 

P15 
P16 
P17 



P22 
P23 
P24 
P25 
P26 
P27 

DBO 
DB1 
DB2 
0B3 
DB4 
0B5 
DBS 



ALE PSEN PROG WR RC 





W 


EO 
El 








EZ 








E3 








E4 








E5 




A 
B 
C 


74160 
1241 


E6 
E7 
E8 




D 




E9 














-£10 








Ell 








E12 








E13 








E14 








E1S 





Normal I/O port is used to select an address 
for the 16-to-1 multiplexer. The output of the 
multiplexer is brought into a test input. Eight 
inputs could be added with a 74LS151 8-to-T 
multiplexer using the same structure. 



Note: If external program memory Is being 
addressed, use P24-P27 Instead of P20-P^. 



US 



'^mmsm''*^ different for 8021, 8022 



3.4 



ADDING 16 INPUT LINES 



40 i26 20 



Vcc Vdd Vss 






PIO 


XTAL1 


Pll 




P12 




P13 


XTAL 2 


P14 




P15 




P16 


RESET 


P17 




P20 


^* 8049 


P21 




P22 


8048 


P23 


ss 8748 


P24 




P2S 




P2ft 




P27 


TO 


DBO 




DBl 


T1 


082 




DB3 


iTdT 


DB4 




DBS 




oee 


ALE PSEN PROG WR 


DB7 


R!5 



The latch can be loaded with the OUTL 
instruction. After the latch is loaded the BUS 
output state can be modified with the ANL 
BUS, # DATA and the ORL BUS, # DATA. The 
OUTL generates a WR strobe; ANL and ORL 
do not. In this configuration DB0-DB7 will be 
momentarily disturbed while the external latch 
is leaded. 



ea 

5Q 

74LS174 4Q 
(16) 30 
2Q 

CLK '° 



ADDING 6 OUTPUT LINES 




This is most useful when the outputs of the 
74LS1 64 eight-bit shift register will be used to 
scan a display and/or keyboard. In this case an 
ANLD P7, A with A = OFFH can be used to load 
the initial "1 " and an ANLD P6, A with A = OFEH 
'Can be i^^ to move it down theah||t register. 



"PIN NUMBERS ARE DIFFERENT FOR 8021, 8022 



ADUHlit eUWlT FOR KEYBOARD/DISPLAY SCANNING 



'■.ai |»nia>x»i<r I .>li< 



0» »Ti 



l,6t; 



appl|<^t;ion examples 



NOTE: 

P23 IS SHOWN 
HERE CONNECTED 
FOR OUTPUT; P22 
IS CONNECTED 
FOR INPUT. 




8049 EMULATOR CIRCUIT 



APPLICATION EXAMPLES 



8049 EMULATOR CIRCUIT DESCRIPTION-6 MHZ 



The following is an explanation of a circuit which 
emulates the operation of an Intel''' 8049 iising-a stan- 
dard EPROM for program storage. - ~ 

With the 8049, software may b«i developed by running 
external program memory, but doing so requires the use 
of the bus and P23-P20 to access this memory. 

The circuit shown may be used to restore the normal 
functioning of these twelvftJ£>.jiiiubJEbtJ|caiitjM>rKi 
sists of an 8039 CPU, 2716 imOM, two 1216 bi- 1 
directional bus drivers, and eiqfrtt>ther?400-Se rie a l ow - 
Power Schottky TTL packages. The whole asseijribiWcan 
be built on a 2-3/4" X 4" board. - \ 7 

A cable comIhg'dfT the board can be terminated by a < 
forty-pin plug which may be inserted directly into the 
CPU socket intended for the 8049 in a system undergo- 
ing design or testing. Alternatively, a pattern of forty 
pins extending below the board can be used to plug the 
board directly into the system undergoing testing, 
"piggy-back" fashion. The emulator board may be con- 
figured in various ways so that the 40 pin plug is the 
lloal9|i| iiauiyalent of an|8049 in every legal operating 
jmode. On trie following explanation of the operation of 
tfgt Cll Blrit, an ast erisk a ppearing before a signaljor pinl 
mttmr— as in *PSEN — refers to that pin on tlje^lf^ 
tual 8049" represented by the forty-pin plug). J 

Since the CPU is identical with the 8049 in all respects^ 
other than its lack of program memory, most of the pins 
of the 8039 are simply connected directly to the cor- 
responding pins of the forty-pin plug. These include all 
of Port 1, the high order bits of Port 2, the test pins, etc. 
Signals which are emulated with additi onal log i c in- 
clude the rest o f Port 2, OBt-SSo, 'PS^IS^ ^c.|R D, WR, 
ALE, and PSEN are obtainedli^ thtt aC!3|9, blit! AWaSSb' 
used by the emulation circultfy. pT — 

The EA input of the 8039 Is hard-vRr^1fig'Hrso afTlrr 
struction fetches are made from the 2716. Two 74LS75 
four-bit latches gated by the buffered ALE signal are 
used to hold the lower eight bits of address from the 
time-multiplexed data bus. Since the Bus is being used 
for fetching instructions, data latched to the Bus will be 
lost on the next Instruction fetch. Two 74LS174 latches 
are used to retain the output data when a bus write is 
executed. These latches are triggac^ ^ih#tralllnd 
edge of the WR pulse, so their ^5IRP(ifS'l?4'g1lf6fi fre^ 
Since logical operations to the tHjd do riot generate a 
WR strobe, the "ANL BUS,#" and "QRt^BUS.r' instruc- 
tions may not be used, though they dc^ftinction properly 
with the other ports. = . 

The two 8216 bi-directional bus drivers normally buffer 
the latched bus contents to the DH pins of the virtual 
8049. When an "INS A.BUS" instruction is executed, 
they buffer the Input signals on to the emulator data 
bus. Thus, the circuit Is designed to use the Bus for both 
ilateheja output anastlSbed inpaT.^n3B^D8B~orthe 
l80^%ra to brosecrsowty tBrntpnmgr J Z ana rm 



be changed from what is shown in the Figure, so that 
-PB7- DB o act as high impedance inpi^s.fnd the 8216s 
are enabled only when the read operation Is performed. 
If the bus is to be used only for latched output, the 
8216s can be omitted entirely. 

Bf^irectionaKdafeB trqnsf whiclTire^uiKyiil Itansf er 
ot address ififormatlon 'as^wefras data, sucri'as to and 
from external data memory, require removal of the 
8i2l6s and replacement with 16-pln jumper blocks on 
which the DBx plns^acei connected with the respective 

'Thb K>vj^r^foar ^It^ of Port 2 are also used in fetching in- 
structions from tfie 2716, in addition to their use as In- 
put or output pins in the user's system. In configuring 
the emulator tor a particular application, the user must 
dedicate each of these as either an input or output pin 
and connect jumper set J1 accordingly. Any mix of input 
and output pins is allowed. At the beginning of each in- 
struction fetch, the last data.written.t.0 ^ will tie pre- 
sent on P23-P20 at the rising edg» of ALE and villi be 
latched by a 74LS174. The latched data may be con- 
nected through the jumpers to those pins which will be 
used as outputs on the 8049. Emulator pins used as in- 
puts should be pulled above 2.0V for a logic "one", if 
this is not the case, i.e., if switches to Ground are to be 
road. 50K pullup resistors sthould be added to the circuit.: 
on MCh input. They were omitted from the diagrarn'"fo 
minimize input loading. 

Pins which will be used as inputs may be connected to 
the input of an OR gate formed of inverters ;and open- 
coTIecto'r NAM)~gat'esi.The input signals vi/ill be relayed 
directly to the 8039 and w ill be read by an "IN A,P2" in- 
struction. But when PSEN is low, the NAND outputs are 
forced off, allowing the 8039 pins to be used for high- 
order program adressing. Open-collector outpu ts are 
needed to prevent line contention when PSEN is not 
low. 

If 8243s will be be used in the final system, the low order 
pins of Port 2 must be connected directly to the plug. 
This may be done by replacing the Port 2 latch with four 
jumtijflfra c6hnectlng thei ipputs to the outputs. The 
NAlslbs should be removed or disabled by grounding the 
common NAND inputs. 

The cluster of three OR gates is used t o enable the on- 
board 27'IS.atldUieafl^teJhe "PSEN signal, each of 
which is a funCtfan of "PSEN, * EA, an d the high order bit 
of the program counter. Thus 'PSEN is generated, forc- 
ing an off-board read, only when a jump has been made 
to Memory Bank 1 or when *EA Is brought high. If this 
feature is to be used to address off-board memory, DB7- 
DBq may not be used for normal I/O. The 8216s and 
74LS174 must be replaced with jumper blocks and the 
open collector NAND gates disabled, as explained 
atwve. The same changes ;are risqulred to operate the 
board In single step mode. ' 



NOTE: FOR EMULATION AT lTIDtHZT- 

1. Substitute a 2716-1; 

2. Delete 74LS03 package (leave lines open). Elimination 
of 74LS03 precludes use of P20-P23 as inputs. 
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APPUCATION EXAMPLES 



PRINTER P03. 



DRUM PRINTER* 



V 



] [ 



PORT 2 PORT 1 



8048 



,!S.llJ i«/|ai BUS 



DATA IN OR 8080 INTERNAL BUS 



i L 



J 



8048 INTERFACE TO DRUM PRINTER 



1000 PULSE/GAL. 




MGS-48"' GAS PUMP 



CASH DRAW 
KEY SWITCH 
TOTALS 
AUDIO INDICATOR 



8748/8048 
PROM/ROM 

RAM 
I/O TIMER 



V 



INTERRUPT 



DATA & STROBE 
STEPPER MOTOR 
CONTROL 
PAPER ADVANCE 
STATUS 



MATRIX PRINTER' 
WITH PAPER 
ADVANCE 



TO OPTIONAL 

• COMMUNICATIONS 

INTERFACE 

• READER 

• STORE AND FORWARD 



8279 

KEYBOARD DISPLAY 



SCAN LINES 



FRONT AND 
REAR DUAL 



CASH REGISTER KEYBOARD 

• NUMERIC 

• DEPT. 

• ITEM 

• TAX 

• ETC. 



[SB 



iz 



SEVEN 
SEGMENT 



IK; 



INDICATOR LAMP MATRIX FOR 
ILLUMINATED KEY TOPS 



•DRUM PRINTER MAY BE USED. 
DRUM PRINTER REOUIRES 
MORE OUTPUTS WHICH CAN BE 
OBTAINED FROM AN EXPANDER 
-JJEVUCE.. 



LOW eOSt POINT OF SALE TERMINAL 
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APPLICATION EXAMPLES 



IGNITION 
mN^NESPEeiM 



OPEN LOOP MODES 
WIDE C»>EN 
COLD ENGINE 
DECELERATE 

ENGINE CRANKING 



j — Wv j 




i>\ - X3A 



OQA 3jauoa 



POWER TfUUH, 





4 




VEHlGUETY.pe J 
IDSN'TlfiieiliTldN ' 1 



X3A.A 



SIMPLE FEEDBACK CARBURETOR CONTROLLER 



Xil A V: >fFi aU8QI*^3TYa IH T30: 



A 

OXR 



POWER . ^ • 
SUPPLY 



MAGNETRON 
TRIAC 



,,OO0R , 

a I litHERtoeic : r 



FRONT PANEL 



i'.: I -if- 



60Hz 
TIMING 



Vcc 



iTrdH, 



jj GTtll A 3VOM; 



oiw yjA 3va iVi 



A 



STATUS 
INDICATORS 



UU'UU 
/_//_/,/_//_/ 

^ ^''^^ 



3flOT8 3JaUOG 



AL'Aqii: 



X3A,A H0>. 

rar^ 



MICROWAVE OVEN COMMgbyii 



: ^ I. 
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5.2 l^flware Examples 

The following routines are wrltterrit^*^dl3routines. RO and R1 are 
used as data pointers, R2 is used as an extension ofJ|ie accumulator 
and. R3 is used ^as a loop counter. " 



RXO = RO 
AEX = R2 



DOUBLE ADD 




DADD: DEC 


RXO 


ADD 


A,@RXO 


INC - 


-BXO 


XCH 


A.AEX 


ADDC 


A,@RXO 


XCH 


A.AEX 


RET 





;GET LOW BYTE AND ADD TO A 
^GET HI BY^ E AND ADD TO AEX 



DOUBLE SUBTRACT 



DEC 
CPL 

ADD 

CPL 
INC 
XCH 
CPL _ Aj 
ADDC r/Q@RXO 
CPL ' A 
XCH j i A.AEX 

— ;: mxJ i 

DEC RXO 
MOV A,@RXO 
RXO 
A.j^EX 



^Ty^N - J 



\'\\ > ' 



1 



INC 
XCH 
MOV 

XCH 
RET 



RXO 
A 

A,@RXO 
A 

RXO ;GETHIBYTEANDSUBFROM AEX 
A.AEX- T 



;RETURN 

;GET LpVV BYTE AND PLACE IN A 
■.GEvk BYTE AND tfLACE IN AE)|, 



A,)@RXO 
A,AEX 



;RETL^RN 



DOUBLE STORE 

DST: DEC RXO i 

MOV @RXO,A 

, INC .'RXO 
I~XGH — I A,AEX 

MOV @RXO,A 

XCH A,AEX 
" " " RET 



;MOVE A INTO LOW BYTE 
;MOVE AEX INTO HIGH BYTE 



TRETURN— 



'■4«V .J 



APPLICATION EXAMPLES 



DOUBLE EXCfMIWil YJ<IITJU'VI YHAMia 

DEX: DEC RXO ;EXCHANiG^'^''AND LOW BYTE ^ iMB 

INC ^^^'^^iE^Pljl-fANGE AEX A^D H|8h-BYTE 

rfl ; XCH A.AEX iq^a 

XCH A,@R)^0„, frt^ 

XCH A,A«C A .^c^R 

RET ;RETURN 

DOUBLE LEFT LOGK^iFT '^^-^^ 



^ ,LLSH: RLC A ;SHIFT A 



A'-'.'"'' 



XCH A.AEX ;SHIFT AEX 

' RLC A -.M ^ - - i; A 

XCH A.AEX-'^^ rfl.A HOX 
RET ;I«TURN ; 

DOUBLE Rl@ilf l^iW^hL SHIFT 

RLSH: XCH A,A|X ;SHIFT AEX 

RRC A 

XCH A,AEX OHIJ' HA ; TqURr!3TMI 

RRC A ;SHIFTA 
RET ;RETURN 

DOUBLE RIGHT ARITHMETIC SHirt 

RASH: CLR ;SET CM^mfbm eri^ binv,' ^: ^n- -r.k'. 

CPL C b9io:e^>io 

XCH A.AEX ;IF AEX[7]<>1 THEN 

JB7 $+3 

CLR C ;CLEAR CARRY 

RRC A -SHFt C INTO AEX ^ iMTHI 

XCH A.AEX i ■ 

RRC A ;SHIFTA 

RET '"^'-i '^ iRfiTUttN^'; 

ROTAJI.IMUOOA: 

SINGLE PRECISION BINARWUOiPCY' I /lO 

This routine assumes a one-byte multiplier 2. The Accumulator and R1 are shifted 

and a one-byte multiplicand. The product, _ right one place, thws the LSB of the 

therefore, is two-bytes IQIIW ajl i/' • : - multiplier goes into the carry. 

The algorithm folii^^fl^S^'ps: 3. The multiplicand is added to the 

1 The reaisters are arrBaamd.m!^^lk^ ^ accumulator if the carry bit is a 'one'. No 

1. The registers are arraijgmnfjppn^^jg^^g.g^^.^^ ^^^^ ^ 

^ , . 4. Decrement the loop counter and loop 

R1 — Multiplier (return to Step 2) until It reaches zero. 

R2 — Multiplicand ' 

R3 — Loop Counter (=8) ^- ^"^'^^ '''9'^* ^'^^^ j^^* 

The Accumulator and register R1 are ""O"**"® 
treated as a register pair whera thi^ are *The result will be found in the Accumulator 

shifted right (see Step 2) (MS Byte) and R1 (LS Byte). 



BMPY: 


31- ' MOV 


R3,#Q8H 


SET COUNTER TO 8 




CLR 


A 


CLEAR A 




- CLR 


C ,x5' 


CLEAR CARRY BIT 


BMPI: 


PRC 


A 


DOUBLE SHiPt ^?(GHT A'O© & R1 




XCH 


A,R1 


INTO CARRY ' 




RRC 


A 


J ■ A .J ■ 




XCH 


A,R1 


MRI 'T ' . , • 




JNC 


BMP3 


IF CARRY=1 ADD, OTHERWISE DON'T 




ADD 


A,R2 


ADD MULTIPLICAND TO ACCUMULATOR 


BMP3: 


DJNZ 


R3,BMPI 


DECREMENT CodSjTERishp L06P IF 




RRC 


A 


DO A FINAL RIGHT SHIFTAtTHE 




XCH 


A,R1 


END OF THE ROUTINE 




RRC 


A 






XCH 


A,R1 





INTEI1RU1>T HANDLING 

This interrupt routine assumes single level 
interrupt. The purpose is to store the status of 
the machine at the time the interrupt occurs 
by storing contents of all registers, accumu- 
lator, and the status word. At the end of the 
Interrupt the Stirte of the machine Is restored 
and Intermpts are enabled again. 

V--3HT r-' • 



RJC 



INTRPT: SEL 
MOV 



-'1! to 



ir1! 



or b-sbftB 

5r,c' £ ■ 



I 

MOV 
MOV 
RETR 



RBI ;SAVE WORKING REGISTERS 

@RO,A ;R0 IN ALTERNATE REGISTER 
{BANK CONTAINS ^CC .rh 
;POINTER FOR SAVING ft - 
;ACCUMULATOR 

j flNTERRUPT SERVICE 

I - - "[routine . 

RO,SACC ;REST0RE SAGO 
A,@RO ;REST0RE ACCUMULATOR 
Cj:t(^;(.. ^RESTORE WORKING REGISTERS 
;Osluin: ;RESTORE PSW AND 
; '.liMi nc ;RE-ENABLE INTERRUPTS ''^ ^ 



- fH 



1. : 



.r3£'')mjooA©(Wnibi .. ■ -iri (I w tiu5>-ii "^n i ' 



>riw 



2 BYTE PROCESSING SY^Wi 



«MIA 353 



A suggested model of a processing routine 
takes two single byte inputs from different 
ports, compares them, and performs the 
following, depending on the result of tb# 
comparison: 



(If Equal) Sets Flag and Exits 

(If Not Equal) and Outputs the Larger to a 




■■■ a T - i ' 
. . ■ . : > « ? i 1 J » p 
J 1 •ill 



OUTPUT 2ND 




1ST 



OUTPUT 1ST 



CLR 


FO 


;CLEAR FO BIT (INITIALIZE) 


IN 


A,P1 


;READ FIRST INPUT, STORE IN RO 


MOV 


RO.A 




IN 


A,P2 


;READ SECOND INPUT, STORE IN R1 


MOV 


RI.A 




GPL 


A 


;SUBTRACT SECOND FROM FIRST 


INC 


A 


K^s COMPLEMENT AND ADD) 


ADD 


A,RO 




JZ 


EQUL 


IBRANCH IF THEY ARE EQUAL 


JNC 


SECOND 


;IF NEGATIVE, SECOND WAS LARGER 


MOV 


A,RO 


;ELSE, OUTPUT FIRST 


OUTL 


BUS.A 




JMP 


DONE 


;EXIT 


MOV 


A,R1 


;OUTPUT SECOND 


OUTL 


BUS.A 




JMP 


DONE 


;EXIT 


GPL 


FO 


;SET FO 


JMP 


DONE 


;EXIT 
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APPLICATION EXAMPLE^ 



8x8 MULTIPLY-ASSEMBLED BY MCS-48 MACRO ASSEMBLER 

SEEAP-49 

ISIS-II IICS-48/UPI-41 NACRO »86EHBL6^j. ,-(|3vll j . , , . .^ , .. .. v - 

-! . '. 1 .,■ . , 

LOG OBJ LINE SOURCE STATEMENT 

> tit «IHCLU»E(:FilNPy8> 
t« tt2 «INCLU»ECiFtlNPY8.PftL> 

2* tl3 J «**ti** *•*•*•*•»•*•••••••«•««••*••••«**••••*•«•«•*•••*«»••••••••••* •«••••*•••** 

2- 114 )* . . • 

2" lis i» NPYSXS • 

2' 1 le * 

2- t 18 i • « 

2" 119 THIS UTILITY PROVIDES «N 8 BY 8 UHSICNED hULTIPLV • 

2a 128 AT ENTRY: • 

2a 121 A a LONER EIGHT BITS OF DESTINATION OPERAND • 

2> 122 >• XA« DON'T CARE '' ' * 

2> 123 I* Rla point;;! to SOURCE OPEJKMtft (HULTt-PLlER) IN INTERNAL NEKEORr • 

2b 194 t« ."'J.) - ^_ « 



2> 124 )• 

2» 12S AT ENlt" 

2« 12« !• A • bOVER EIGHT BITS OF CESULT 

2> 127 XAa lirPEil EIGHT BITS OF RESULT 

2- 128 !> G Vltet IF OVERFLOB ELSE CLERREO 

2» 129 ;• 

2> 13B ;*aaaa<«aaaaa»«aa<««#*a«*afMa«»»a«»*>> 

2a 131 ; " - - 

2- 132 ; 

2- 133 ;l NPySXS: 

2a 134 ;l NULTIPLICANDC|<S'-8|i>i 

2. 133 ;l COUHTlaS 

^Jl2*,iV_*ew«T 

2« '137 12 IF NULTIPLICANDtBJaR THEN BEGIN 

2a 138 i3 HULT IPLICAND : 'HULT IPLICAND/2 

2a 139 i2 ELSE 

2a 148 <3 nULT IPLI CANDI 13-81 : aHULT IPLICAHDC IS-Sl-i-HULTIPLIER 

2a 141 :3 HULT IPLICAND: aNULTIPLICAND/2 

2a 142 ;2 EKDIF 

2- 143 12 COUNTi-COUNT-l 

2a 144 il UNTIL COUNT*! 

2a 149 ;l END MPY8X8 ' 

1- 14t ) ' ~ - _ ^ . 

1* 147 I 

|a 14* SELECT 



'rir' . :'r,■■•■^ ■ 

■CI t/11 - ^ : 

Oi !'-■ !Zi^''l: -■■ 



8x8 MULTIPLY-ASSEMBLED BY MCS-48 MACRO ASSEMBLER 



I8I8-II HCS-48.'<JPI-M HftiKS ASSENBLER. V3 . 1 



urn Wfdi MM'SD'EMT 







1 - 


149 


;1 HPVBXB: 




' .. : = ■ 






1 = 


158 






Ft: • < 






I = 


ISl 


Il nULTIPL ICI)HD[ IS-S 1^ >B 




aB35 




l3 


132 


nov 


XP . IBB 








1 = 


133 


;l C0UHT!"8 








B888 


1> 


194 


NOV 


COUNT. 88 








1> 


199 


Jl RCPERT 










1^^ 


i'Sl' 


MP*«.F! 










Is 


137 


i2 IF nULTIPLICANDIBJ'B THEN BEGIN 




1139 


1243 


1. 


198 


JBB 


HPYBA 








!■ 


199 


)3 HULTIPHC«NIK»«UWlPLIC«M(>/2 




BB3e 


2A 


1> 


1«B 


XCH 


P.XA :7^!>^^,1'-,:■ .»>; 




aB3C 


IT 




1«1 


CLR 


C dSVO 11 13? • ? 




BB3I> 


6? 




162 


PRC 


p 




BB3E 


2n 




163 


XCH 






BB3F 


47 




164 


PRC 


P 




BB4g 


EB39 




169 


DJNZ 


COUNT, HPVSLP 




BB42 


83 




166 


RET 












167 


;2 ELSE, 


MII'jO« •. I>> S .f.l ; '. ■ 


r>? .iMiS 








168 


HPV8P : 










1« 


%m 


if nUI.TIPLICANftrrl$-;«if'7'IIULTMttt|IC«NI!{ 13- 


»IimUi.tTIPI.I*ltl :P )i til 


Ba43 


20 


'1 " 


-i'>i 


« - KC H 


- *, H*N' : ■ ; 'J= 1 B-P i 1 I' ■ . 




8844 


il 




171 


ADD 


P-8R1 j<j 




H4S 


tT 




172 


RPC 


p rw.p ijtjfe 


E 1 


eB4« 


2A 




173 


XCH 


P , XP 




8847 


67 




174 


RPC 


p 




BB48 


EB39 




1 7! 


DJHZ 


COUNT, HPySLP 




884fl 


33 




176 


RET 












177 


; 3 n UL T I P L I C PHO .■ -NULT Wt IC8W2 










178 


■,2 EMDIF 


I • ■> PI 1 










179 


)2 COUNT: 


= C0UNT-1 ::- • , 










188 


)i UNTIL tiHKtm ,• . . ; 1 










181 


;l END Httm 


1 'jH j'T r V i ^' ^ it ■ ■ :• ■< . 










182 


$EJE£T 







■S4 ■> O'l!- 



3 ! ■ 1 a 



ISIS-II HCS-4ai'UPI-41 KACRO OSSENeLER, V3 . 8 



toe OBJ 



LIKE 



SOURCE 8TATEHENT 



at 4S 2« 

n4E if 

BB4F «t 

BB3I 37 



aeS3 117 
8134 B4«F 



■tSC il 



B05? ?7 

a05!l F7 

BB5e F7 

BBSC Hi3 

BBSE 37 

BBSF 61 

flto 37 

latt B4«B 

ae63 37 
il 



« 183 

- 184 

= 185 

= 186 

= 187 

= 188 

= 18? 

' 19B 

• 191 
« 192 

- 193 

• 194 

• 195 
= 196 
= 197 
= 198 
= 199 

' zaa 

« 20 1 

= 282 

" 203 

= 284 

» 289 

« 28« 

I* «87 

• 280 
' 289 
= 21B 
= 211 
= 2 12 
= 213 
' 214 
' 213 

• 21« 

- 217 

- 210 

• 219 
« 228 
= 22 1 
= 222 
= 223 
= 224 
= 225 

- 226 
= 227 
« 228 

> 229 

• 23fl 

- 231 

• 232 

- 233 

> 234 
= 235 
= 236 
^ 237 



tINCLU»E(lFllDIVl«> 

;•«««•*«•*•«••*«•*«••••••••••»•••«••*•••*»«•••••*•*»«•*•*••*••••**•*•••••••••#• 

DtVK 



THIS UTIinr PROVIDES AN 16 ev 8 UHSICNED DIVIDE 
AT ENTRV: 

A > LOHER ea£Kir»A1TS OF DESTINATION OPERAND 

XA« UPPER EIGHT BITS OF OIVI.DEHD 

Rl« POINTER TO BIVISOR IN IMfCJUTAi' laHBRY 

- ' -'i" ■ ' S ' -• -1 - - . .1. ■ . , . , 

AT EX IT : 

A " LOUER EIGHT BITS OF RESULT 

XK' REnnlNDER 

C = SET IF OVERFLOU ELSE CLEOREO 



»*••*****••*•*«*»****•****« 



•*«*«**«»«•**«*«•••••••**•*•*•*••*•••••«•■•••*•*•• 



Il DIV16: 

DIViei XCH »,» 
il C0UNT:'8 

II DIVIDEND!! 5-8 3 i -D 1 V I DEHOl lS-8 l-eWISOR 



I ROUTINE IHaiK« MOSTLY VITN BITS lS-8 



A 

A . 8R 1 



THEN 
PIVIA 



CPL 
ADD 
CPL 

;l IF liORROU 
JC 

i2 SET OVERFLOU FLAG 
CPL C 
JKP DIVIB 

11 ELSE 
DIVIAl 

12 RESTORE DIVIDEND 

ADO A.8R1 

;2 REPEAT 
OIVILP! 



IT FITS*/ 



; 4 



CLR 
XCH 
RLC 
XCH 
RLC 
JNC 
CPL 
ADO 
CPL 
JNP 

CPL 
ADD 



DIVIDEND: 
QUOTIENT : 

C 

n , XA 



=DIVIDEND«2 
•QUOTIENT*? 



A , XA 
A 

Bivte 

A 

A.tRt 
A 

DIVIC 

D IVIOEHOC 1 5-811 xD{ VI DENDC 13-8 1-DI VISOR 



APPLICATION EXAMPLES 



16 X 8 DiVIDE-(ASSEMBLED BY MCS-48 MACRO ASSEMBLER SEE AP-49) 



isis-ii nes-*t/«n-*i kacco «ssemleii. vi.i 



LO C 


Of J 


LINE 




SOURCE STATEHEHT 


BB 65 


3? 




238 




CPL 


A 








239 


1 




IF BBRROH-l THEN 


MM 




I ■ 


241 




JNC 


DIVIC 








241 


J 




RESTDRE DI«IOE»D 


ia«s 


«I 


1« 


242 




ADD 


A. BR I 


IBt» 


M.CC 




243 




JNP 


ftlVID 








244 


i 




ELSE 






J« 


245 


DIVICi 










|a 


244 


! 




OUOriEHTIB ]: '1 


■■«B 


l« 




247 




INC 


Xf) 








248 






ENDIF 








241 






COUNT i =COUNT- I 








2SB 


} 


UNTIL COUNT'S 


■ate 


eim* 




2S1 


DIVIDl 


DJNZ 


COUNT, DIVILP 








252 


> 


CLEAR OVERFLOU FLAG 


ia«E 




!■ 


253 




CLR 


C 








254 


J 


ENDIF 








2SS 


i ENDDIVIOE 


ei«F 


2R 




2SS 


DIVIS! 


XCN 




■■7t 


S3 




297 




RET 
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t r C - 1 








Hi =i 








1 V 1 r ► < ■ 1 
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8048H78648H-1/8d35HO8dMHL-1 
HMOS SINGLE COMPONENT 8-llT MICROCOMPUTER 



804^8(M8l^1 Mask Programmable ROMie -'^ 'toq :</ o n 
803SI«m)35HL-1 CPII iiWl Pmmr ^fmM&Om^. 



■ 8-BIT CPU, ROM, RAM, I/O In Single 
Papkfige > • . 

High Performance HNlil 

■ l^iliioaili Power Consiiiil^Mii 

■ 1.4>iu«eG and 1.9 usee Cycle VBta^mp. 
Att lnatnictiiins 1 or 2 Cycles. 



■ 1Kx8 ROM 

64x8 RAM ^ f« 

27 I/O Lines 

■ Interval Timer/Event Counter 

■ Easily Expandable Memory and I/O 

■ CompatlNe with 8Q80/|lp8$ ^rles 
Peripherals 

■ Two Single Level Interrupts 



■ Over 90 Instructions: 70% Single i(yte 

nr fTVv , , , 

The Intel* '8d4SHr/g048H-1/8035HL/8035HL-1 are totally self-sufficient, 8-bit parallel cornputers fabricated 
on single silicon chips using Intel's advanced N-channel silicon gate HIVIOS process. 

The 8048H contains a IK X 8 program memory, a 64 X 8 RAM data memory, 27 I/O lines, and an 8-bit ' 
timer/counter in addition to on-board oscillator and clocl< circuits. For systems that require extra capability 
the 8048H can be expanded using standard memories and MCS-80™/MCS-85™ peripherals. The 8035HL is 
ttiispidqWsalertt of the 8048H without program memory and can^be ii^i with external ROM AND RAM. 
To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally 
pta i^mpatlbtevefstofi'of the 8048H with UV-erasable user-programmable EPROM program memory is avail- 
able. The 8748 will emulate the 3048H up to 6 MHz cloci< frequency with minor differences. 

The 8048H is fully compatible with the 8048 when operated at 6 MHz. 

These microcomputers are designed to be efficient controllers aiS wSlf*s arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single Wfi instructions and no in- 
structions over 2 bytes in length. 



,CiP ,iJA (C 101, 



O' 




SINGLE 
STEP 

EXTERNAL 
MEM~ 



INTERRUPT — ■ 



8048H 
8035HL 
8048H-1 

8035HL-1 



PROGRAM 
> STORE 
ENABLE 

ADDRESS 
>■ LATCH 
ENABLE 

-PORT 
• EXPONDER 
STROBE 



> BIT 
CPU 



1024 WORDS 
PROGRAM 
MEMORY 



7^ 



5Z 



(BIT 



M WORDS 

DATA 
MEMORY 



e-: 



2^ 



I/O LINES 



Intel Corporation assumes no responslbjljty for the use of any circuitry other than circuitry embodied tn an Intel product. No other circuit patent licenses are implied. 
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8048H/8048H-1/8035HL/8035HL-1 



PI|||g^CRIPTION 



ft/uwyi wuuffi 


Pin = 

rut — 




vss 


20 


Circuit GND potential 


Vdd 


26 


Low power standby pin 


Vcc 


40 


Main power supply; +5V 




during operation. 


PROG 


25 


Output strobe for 8243 I/O 
expander. 



Designation Pin ■■ 



RD 



P10-P17 
Port 1 
P20-|y\j 
Porta 



DB0-DB7 
BUS 



i vc.i yai T .<rfS8a9Cn. 

■Pi bill T".VfOL ' 



21-24 8-bit quasi-bidirectional 
port. 

P20-P23 contain tliefdi^ 
high order prograiYPCQftMter 
bits during an external prq^ 
gram memory fetch and 
serve as a 4-bit I/O expander 
, bus for 8243. 

12-19 True bidirectional port 

which can be written or read 
synchronously using the 
RD, WR strobes. The port 
can also be statically 
latched. 

Contains the 8 low order , ,. 
program counter bits durfr^g, 
an external program 
memory fetch, and receives 
the addressed instruction 



RESET 



11 I 



TO 




— ! 



39 



INI 



under the control of PSEN. 
Also contains the address 
and data during an external 
RAM data store_instructigi!,_ 
under control of ALE, RD, 
and WR. 

Input pin testable using the 
conditiona. transfer in- 
structions JTO and JNTO. TO 
can be designated as a clock 
j output using ENTO CLK 

I ihstructidh. ' 

lr)pUt pin testable using the 
JJI, and JNT1 instructions. 
Gan be ci«^0iate^ |he i 
timer/countef' inpuf using ' 
the STRT CNT instruction. 

Interrupt Input. Initiates an 
interrupt if interrupt is 
jenabled. Interrupt is dis- 
U^leti after & reset. Also 



WR 



ALE 



5iy bns fri;:-r'r;(ir s 
?u i:idBi..-rri- ." < 

:.■!} ea !l9'v sr. v 



ss 



XTAL1 



)crAL2 



Function 

testable with conditional 
jump instruction. 

(Active low) 

Output strobe activated 
during a BUS read. Can be 
used to enable data onto the 
■yi^i^' bus Xxf^r^ an |^iE|(|i^alid|9vice, 

Used as a read strot>e to 
external data metnofy- 

(Active low) 

4 Input which is used to 
.^•^li'V' initialize the pratassor. ■ 
(Active low) 
■ .- (NonTTtViH) 
10 Output strobe during a bus 
write. (Active low) 

- .t : Used as write strobe to 
. . , extern^al data mernpry. 

Address latch enable. This 
signal occurs once during 
each cycle and is useful as a 

clock output. 

The negative edge of ALE 
strobes address into ex-? 
ternal data and program 

'■""'^r«^«,ory.-^ • 

Program store enable. This 
output occurs only during a 
fetch to external program 
memory. (Active low) 

Single step input can be 
used in conjunction with 
ALE to "single step" the 
processor through each 
instruction. (Active low) 

External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emula- 
tion and debug, and 
essential for testing and 
program verification. 
(Active high) 

One side of crystal input for 
Internal oscillator. Also 
Input for external source. 
(Non TTL V|h) 

Other side of crystal input- 



-^ 

7- 
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INSTRUCTION SET 



Accumulator 

Mnemonic 
ADD A. R 
ADD A. @R 
ADO A, • data 
ADDC A. R 
ADDC A. @R 
ADDC A, # data 
ANL A. R 
ANL A, @R 
ANL A. « data 
QRL A. R 
ORL A @R 
ORL A. # data 
XRL A, R 
XRL A, @R 
XRL. A. * data 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
PLC A 
RR A 
RRC A 



Deicrlptlon Irjf. B) 

Add register to A 
Add data memory to A 
Add immediate to A 
Add register with carry 
Add data memory with carry 
Add immediate with carry 
And register to A 
And data memory to A 
And immediate to A 
Or register to A 
Or data memory to A 
Or immediate to A 
Exclusive or register^ipA 
Exclusive or data memory^ A^ 
Exclusive or immedfttnfi&f 
Increment A 
becrement A 
Clear A 
Complement A 
Decimal adjust A 
Swap nibbles oi A 
RstM Alett 

.Rotate Ajeft through carry , 
Rotate A right 

Rotate A right through carry 



'tes Cycles 




Registers 



INC R 
INC @R 
DEC R 



Descrlpttoh 

Increment register 
Increment data memory 
Decrement register 



or 



BytM Cycles 



Subroutine 






Mnemonic 


Description 


Bytes Cycles 


CALL addr 


Jump to subroutine 


2 2 


RETR 


Return 


1 2 


RETR 


Return and restore status 


1 2 




- - -j'---^^ - 





Input/Oulpul 


J 


Mnemonic Description 

IN A. P Input port to A 


Bytes Cycles 

1 2 


OUTL P. A Output A to port 
ANL P. # data And immediate to pcM 
ORL P, # data Or immediate to port"" 
INS A. BUS Input BUS to A 
OUTL BUS. A Output A to BUS 


[ h ^ 

I ^' - 2 

1 2 
1 2 


ANL BUS. # data And immediate to BUS 2 2 
ORL BUS. # dita Or ImmediBte.to BUS 2 1 2 
MOVD A.P Input expander port to A 12 

MTH/n D A Oiitniit A fr\ ovnanHar nrtrt 1 


ANLD P, A And A to expander port 


1 2 


ORLD P, A Or A to expander port 


1 2 



Branch | 


Mnemonic 


Oetcrlpllon 


BytM Cycle* 


JIMP addr 


Junjg.}lni;snditional " ■ 


Z 


2 


1 JMPP @A 


Jump indirect ; r. p. 


1 


2 


DJNZ R. addr 


Decrement register and sKIp 


2 


2 


JC addr 


Jump on carry = 1 


2 


2 


JNC addr 


Jump on carry = 


2 


2 


JZ addr 


Jump on A zero „ 


2 


2 


JNZ addr 


Jump on A^not zero <i 


2 


2 


JTO addr 


Jump on TO = 1 


2 


2 


JNTO addr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


JumponT1=0 '""** 


2 


2 


JFO addr 


Jump on FO = 1 


¥ 


2 


JF1 addr 


Jump on Fl = 1 




2 


JTF addr 


Jump on timer flag 


2 


2 


JN1 addr 


Jump on INT - 


2 


2 


JBb addr 


Jump on accumulator bit 


2 


2 



Timer/Counter 

Mnemonic 

MOV A. T 
MOV T. A 
STRT T 
STRT CNT 
STOP TCNT 
EN TCNT1 
DIS TCNT1 



Description 

Read timer/counter 

Load timer/counter 

Start timer ■'■ 

Start counter 

Stop timer/counter 

Enable timer/counter interrupt 

Disable timer/counter interrupt 



Byi 



les Cycles 



Flags 






Mnemonic 

CLR C 
CPL C 
CLR FO 

CPL FO 
CLR Fl 
CPL Fl 


Description 

Clear carry 
Complement carry 
GLear flag 
Complement flag 
Clear flag 1 
Complement flag 1 


Bytes Cycles 







Data Moves 


Mnemonic 

MOV A. R 


Description 

Move register to A 


Bytes Cycles 

1 1 


MOV A. @R 
MOV A, # data 


Move data memory to A 
Move immediate to A 


1 1 

2 2 


MOV R, A 
MOV @R, A 


Move A to register 
Move A to data memory 


1 1 

1 1 


MOV R. # data 
MOV @R. #d8ta 
MOV A. PSW 


Move immediate to register 
Move immediate to dli|a#e^^ 
MoVe»>SWtoA^ " ' ' 


2 2 

■Z ' A J " 
'1 1 


MOV PSW. A 
XCH A, R 


Move A to PSW 
Exchange A and regisier 


1 1 

1 1 


XCH A. @R 
XCHD A. @R 


Exchange A and data memory 
Exchange nibble of A and 
register 


1 1 


MOVX A, @R 
MOVX @R, A 


Move external data memory to A 
Move A to external data memory 


1 2 
1 2 


MOVP A, @A 
M0VP3 A, @ 


Move to A from current page 


1 2 

1 e- 



Control 

Mnemonic 

EN 1 






Description 

Enable external interrupt 


Bytes Cycles 

1 1 


0IS1 - 
SEL RBO 


Dtsable external Interrupt 
Select register bank 


1 1 

1 1 


SEL RBI 
SEL MBO 
SEL MB1 
ENT CLK 


Select register bank 1 
Select memory bank 
Select memory bank 1 
Enable clock output on TO 


1 1 
1 1 
1 1 
1 1 



Mnemonic 


Description 


Bytes Cycles 


NOP 


No operation 


1 1 


JIX 




















bov 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias CC to 70°C 

Storage Temperature -65° C to + 125°C 

Voltage On Any Pin With Respect 

to Ground -0.5V to +7V 

Powei; diati^tion 1 J-Pim^ ; 



• COMMENT Stresses above thpae listed- under "Abso- 
lute Maximum Ratings" may oause permanent damage to 
the device. This is a stress rating only godjunctional 

operation of device at these or any olher^.pondltions 
above those indicated in the operational sections of this 
specification is not implied. 



D.C. AND OPERATING CHARACTERISTICS TA = 0°C to 70°C, VCC = VDD - 5V± 10%, VSS =0V 







LImlto 


Unit 


Tpst Cnnditions 


;■<! ; ri 






t/ 


Input Low Voltage 

(All Except RESET, XI, X2) 


-.5 




.8 


V 




V|L1 


Input Low Voltage 

(RESET X1 X2^ 


-.5 




.6 


V 






Input High Voltage 

(All Except XTAL1, XTAL2, RESET) 


2.0 




Vcc 


V 




In 1 


Input High Voltage (XI, X2, RESET) 


3.8 




Vr>r< 
'C/C 


V 




Vol 


Output Low Voltage (BUS) 






.45 


V 


VOL = 2.0 mA 




Output Low Voltage 
(RD. WR, PSEN. ALE) 






.45 


V 


'OL '" '^■^ ""^ 


—rpj ■ 


Output Low Voltage (bROG) q , 






.45 


V 


Iql = I-O iTlA 




Output Low Voltage 
(All Other Outputs) 






.45 


V 


Im> — 1 is mA 
'OL ~ 




outpufWiiih Voift^iBu^**,^ ^ ■ 


2.4 






V 


low = -406;/ A 




Output High Voltage ■^' -■" rv 
(RD, WR, PSEN, ALE) ' ' 


2.4 






V 






Output High Voltage 
(All Other Outputs) 


2.4 






V 


IOH= f 40 AtA ■ 


Ili 


Input Leakage Current (T1, INT) 






± 10 


UA 


Vss < V|N < VCC 


! «Lii 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






-500 


fJA 


Vss + -45<V,N<Vcc 


'lo 


Output Leakage Gunieiit (BUSi, TO) 
(High Impedance 8fa*8) 






± 10 


flA 


Vss+.45<V,N<Vcc 


'dd 


V|3D Supply Current 




4 


8 


mA 






Total Supply Current . 

1 IL-MMll. . 1 . J ■i|l-,JU||i- 1 


^ 


40 


80 


mA 
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8948H/iO#9JH-1/8035HL/8p35Hl.-1 



A.C. CHARAC 



(F'ORT 2 TIMING) TA = 0°C to 70°C, VCC = 5V± 10%, VSS = OV 





Symbol 


Parameter 


8048H 
8035HL 


8048H-1 
8035HL-1 


Unit 


6 MHz 


8 MHz 


11 MHz 


MIn. 


Max. 


Min. 


Max. 


Min. 


Max. 




Port control Setup Before Falling 
Edge of PROG. 


110 




105 








ns 




Port Control Hold After Falling 


100 




90 








ns 




cage OT rnUo. 


















PROo to Time r2 Input Must Be valid 




810 




700 




650 


ns 


•PF 


Input Data Hold Time - - 





150 





150 





150 


ns 


*DP 


Output Data Setup Time 


250 




210 




200 




ns 


*PD 


OCitp«it Data Hold lirem 


65 




35 




20 




ns 


tpp 


PROG Pulse Width 


1200 




970 




700 




ns 


tPL 


Port 2 I/O Data Setup 


350 




300 




250 




ns 


tLP 


Port 2 I/O Data Hold 


150 




65 




20 




ns 



PORT2TIMINGL 

Xii^-ii' 



V — V 



54 



j» 'PL—.. ^lLP» 



IK 



PORT » » DATA 



K 



PORT 20 3 DATA 



M 



.;-'J 

PORT CONTROL 



PORT CONTROL 



-ICP- 



)C 



BUS TIMING AS A FUNCTION OF TCY 



SYMBOL 


FUNCTION OF TCY 


Tll 
Tal 


7/30 
1/10 


TcY 
TcY 


MIN 
MIN 


Tla 


1/15 


TcY 


MIN 


Tec (1) 
Tec (2) 
Tdw 


1/2 
2/5 
2/15 


TCY 
TCY 
Tqy 


MIN 
MIN 
MIN 


TWD 

tdr 


1/15 



...TCY 


MIN 
MIN 



i 1- 



Tcc (2) : PSEN 



JU3 i 



SYMBOL 


FUNCTION OF TCY 


Trd (1) 
Trd (2) 


11/30 TcY MAX 
3/10 TcY MAX 


Taw 


3/10 TcY MIN 


Tad (1) 
Tad (2) 
_Iapc - 

TCA 


1/2 TcY MAX 
1/3 TcY MAX 

1/30 Icy min 

l/IS ^T^YjoM'N.. 



Trd (1) 
Trd (2) 



rd 



PSEN 



Tad (1) : RD 



' iwmoxnuTE values not mcLuaMa gate dclavs. 



Tad C2) : P-SEN 

•>>j<;ruo Hue 
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Ur-tpc—^ .iw^ ,lt- 



-(-BUS FLOAnNQ YaODRI 



'AFC— I I— — ^ 
___ I FLOAT ING ' 



InstMielli m PMm Extomal P^ram Memory 



fuiama 



Read From External DatRtMeHiory 



I'" 



FLOATINQy 


[addhess^fi-oating 


\ 


" 'lAW — J 



Write to External Data Memory 



Input and Output for A.C.Testa- 



A.C. CHARACTERISTICS TA = O-C to 70° C VCC = VDD = 5V ± 10%, VSS = OV 



i -- ■'^ 1 

1 Symbol 


Parameter -i 


8048H 
8035HL 


8048H-1 
8035HL-1 


Unit 


Conditions 
(Note 1) 


6 MHz 


8 MHz 


11 MHz 


MIn. 


Max. 


Min. 


Max. 


MIn. 


Max. 




■ , _ _ . — — iajfrnoamw — h — 
ALE Pulse Width- j . . y 


400 




270 




150 




ns 




tAL 


Address Setup to ALE . ^ 


75 




75 




70 




ns 




tLA 


Address Hold from ALE 


65 




65 




50 




ns 




' tec 


Control PulTO Widthi^tNJSgj_WR) 


700 




490 




300 




ns 




•dw 


Data Setup before WR , ' 


370 




370 




280 




ns 




tyvD 


Data Hold after WR 


80 




80 




40 




ns 


CL = 20pF 
(NOTE 2) 




















*CY 


Cycle Time 


2.5 




1.875 




1.36 




US 




'dr 


Data Hold 





200 





150 





100 


ns 




♦rd 


PSEN, RD to Data In 




500 




340 




200 


ns 




'aw 


Address Setup to WR , 


230 




210 




200 




ns 




'ad 


Address Setup to Data In 




950 




650 




400 


ns 






Address Float to P^IeN 












-1 




ns 








U2- 








: ■ 






— - — e-^ — 



NOTE 1: CemiMieiiipi k 

1 GL'MiaLtif. 
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8048H/8048H-1/8035HL/8035HL-1 

— j^mn 



IP1^1LD[J41DIK1^1^¥ 



CRYSTAL OSCILLATOR MODE 




CI = 5pF + 1/2pF + STRAY < 5pF 
C2 = CRYSTAL + STRAY < 8pF i.^ 

C3 = ai»#±ipF* STRAY <5pF mMtK^t^^ ,8^- S o jnoiJouria, li' 

CRYSTAL SERIES RESBTAMeE S^ljlJ jWymg fMHp Hfe AT • MHz LESS THAN IMfi AT 3.6MHz 

LC OSCILLATOR MODE 



L C NOMINAL 1 

4SpH SOpF 5.2 MHz 




XT«i*,f 



C + Cpp 



Cpp ° S-10pF PIN TO PIN 
XT*L2 CAPACITANCE 



EACH c w@ukci i|E4»fMioxMirt;^%^99|F, <Npi^pi|iia OT!B^.CA{P4k{;iTM^ ^ , 



J 



-o- — 

I — ^L. 



XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST BE HI6H SS-SSK OF THE 
PERIOD. RISE AMD FALL TIMES MUST NOT EXCEED 20iw. 



at". O;- 
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8048L 



SPECIAL LOW POWER CONSUMPTION SINGLE 
COMPONENT 8-BIT MICROCOMPUTER 



Typical Power Consumption 1pOmW 

Typical Standby Power lOmW' c rr rj 
Vqq minimum of 2.2V 

■■ i-' — 

8-Bit CPU, ROM, RAM. I/O In Single 
Package 

AA7 fisec Instruction Cycle. 
All Instructions 1 or 2 Cycles. 

Over 90 Instructions: 70% Single Byte 



IK X 8 ROM 
64 x811AM 
27 I/O CInes 



_^^J> loll^ryal Timer/Event Counter 

■ Easily Expandable Memory and i/0 
■' Compatiiile with I 

i^rfpherals 

■ l%«i> ^igie Level lnt«>rnfp^ 



The Intel® 8048L is a totally self-sufficient 8-blt parallel compLiterfiibricated on a single silicon chip using Intel's 
advanced N-channel silicon gate HMOS process, using special techniques to reduce operating and standby 
power consumption. The 8048L contains a 1 K X 8 program memory, a 64 X 8 RAM data memory, 27 I/O lines, and 
an 8-bit timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra 
capability the 8048L can be expanded using standard me!n^fias|Bid MCS-80™/MCS-85™ peripherals. The 8048L; 
jcan be used with external ROM AND RAM. j i \ — - 

reduce development problems to a minimum anc( provide niaaffrtiwn flexibility, a logically and functionally pin 
jcompatible version of the 8048L wi :h U V-erasablii'SSir^ntigramr^able EPROM program memory is available. The 
j8748 will emulate the 8048L with greater power and other minor differences. 

This microcontroller is designed to be an efficient controller as well as an arithmetic processor. The 8048L has 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory results from an instruction set consisting mostly of single byte instructions and no instructions over two 
bytes in length. - . 



N #l&i«Pi#liiMrFiON 



LOGIC SYMBOL 



BLOCK DIAGRAM 




ADDRESS 

LATCH 
ENABLE 

PORT 

EXPANDER 

STROBE 















■ s'sii- 

CPU 



1024 WORDS 
PROGRAM 
MEMORY 



7> 



64 WORDS 

DATA 
MEMORY 



err 



8 BIT 
TIMER 
EVENT COUNTER 



27 

I/O LINES 



Intel Corporation assumes no responsibility lor the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied. 

«lnlel Corporation- t ilifr — - — ■ — — -- _ _ _ . . _ AFN-OlSeiA-OI 
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intel 



8048/8035U8748/8748-6/8035 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 



8048 Mask Programmabl9<^OM 
8035L CPU Only with Power Down Mode 
8748 User Programmable EPjRQM r; 
8748-6 Up to 55C 8748 ' 
8035 iMf ©nli^iNd Po«r*f Down Mode) 



8-BIT CPU, ROM, RAM, l/#ln ^nfte 
Package 

lnterchangeable<|LQJ|fland IPROM 

Versions r.i«!t-,A> 



lie 5V Supply 

2.5 Msec and 5.0 Msec Cycle VerstiMi4A 
All Instructions 1 or 2 Cycles. 

Over 90 Instructions: 70% Single Byte 



■ 1K x 8 ROM/EPROM 
64 X 8 RAM * 

27 I/O Lines ^ 

H InteFVial Timer/EveDt Coui^r< 

■ East^iixpamialibirMMnoKyjHid I/O 

■ Compatible with 8080/808#^rt<M 
Peripherals 

■ Single Level Interrupt 



The Intel 8048/8748/8743<6/87)4^/803S/8035^ are totally self-sufficient, 8-blt parallel computers fabrieated on single 
aliy^n c^lps i^ns Intel's N-ch«lfmel si^on gate K^pS process. 

The8048 eontatns a1Kx8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-blt timer/counter In addi- 
tion to o'n-board oscniator and dock circuits. For systems that require extra capability, the 8048 can be expanded using 
standard mernories and MCS-80 /MCS<<85 perlphet'als. The 8035 Is the equivalent of an 8048 without program memory 
and can be used with external ROM and RAM. The 80^1. has the RAM power-down modeof the 8048 while the 8035 does 
not. The 8748-6 is a 6 MHz 8748 up to 55C. To reduce development problems to a minimum and provide maximum flexi- 
bility, three interchangeable pin-compatlble versions pf this single component microcomputer exist: the 8748 with user- 
programmable and erasable EPROM program f^emory for prototype and preproduction systems, the 8048 with factory- 
programmed mask ROM program memmy for low oOlf,1iigh volume production, and the 8035 without program memory 
for use with external program memories. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory resuttsfr^ 
an instruction set consisting mostly of single bit instructions and no Instructions over 2 bytes in length. 



PIN CONFIGURATION 



TOC 
XTAL lE 
XTAL 2C 
WHTC 

m 

mz 

eaC 

wnC 
inc 
aleC 

01, C 
o»,C " 

D«,C IB 

<».C i< 

o«,C " 

<»,£ » 

ot,t n 



8048 
803SL 

8748 
87484 

8035 



« D^cc 
■» 3" - 

» 3«7 
37 JFM 

36 Jns 

35 DP24 

34 3M7 
33 DM8 
32 DMS 
31 Dri4 
30 3P13 
79 Dp12 

a Irn 

27 3M0 
26 DVoo 
25 ]«100 

24 jm 

22 Dm 
21 



LOGIC SYMBOL 



IHUPT— • 



8048 
8035L 

8748 
87484 

8035 



PROGRAM 
-STORE 
tKABLt 

ENABLE 



BLOCK DIAGRAM 



1024 WORDS 
PROGRAM 
MEMORY _ 



77 



BBIT 

cru 



S^BIT 
TIMER/ 
EVEHT COUNTER 



64 WORDS 

DATA 
M£MORV 



77 



\7 



INTEL CORPORtTIDN ASIUMI NO ■EtPONSIBILITr FM THE USt OF m OWCUITRY OTHEII TN«N cmcUmiV EMBODIED IN AN INTEL HHIDUCT. NO OTHER CIRCUIT PHBIT LICENKi ME IMPUED. 
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8048/8035L/8748/8748-6/8748-8/8035/8035-8 



PIN DESCRIPTION 



Designation Pin 



Designation Pin #' Function 



Vss 
Vdd 



Vcc 
PftOG 



P10-P17 
Port 1 
P20-P27 
Port 2 



20 
26 



40 



25 



27-34 
21-24 



Circuit GND potential 

Programming power supply; +25V 
during progra n, -^5V during oper- 
ation for both ROM and PROM. 
Low power staVftfbVltiif ivt 88419 
and 8035L. 

Main power supply; -I-5V during 
operation and programming. 

Program pulse (+23V) input pin 

during 8748 P'ogramming. 

Output strobe for 8243 I/O 
expander. 

8-bit quasi-bidirectional port. 



8-bit quasi-bidirectional port. 

e«hl|^^60f^?39?f*Wn the four high 

order program counter bits during 
an external program memory fefth 
anjl servft|B,«;4ibit j^O e^ffiaijfl^ 
bus for 8243'. 5»' ' 



BUS 



Tl 



1!U 



39 



RD 



RESET 

■Si':: 



WR 



ALffii- 



:i,J 



INT 



be writteri^ read synchronously 
using the RD, WR strobes. The 
port can alH>«irStatically latctied. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addres sed ins truction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instrutai on. u nder 
control of ALE, RD, and WR. 

Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 

Input pin testab e using the JTl, 
and JNT1 instructions. Can be des- 
ignated the time /counter input using 
the STRT CNT instruction. 

Interrupt input. Initiates an inter- 
rupt if interrupt is enabled._lnter- 
rupt is disabled after a reset. Alsoj 
testable with conditional )ump '[ 
instruction. (Active. IpwjL _i 



PSEN 



ss 



EA 



XTAL1 



8 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. (Active low) 

4 Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down! (Active low) 
(Non TTL V|h ) 

10 Output strobe during a bus wi^ite. 
(Active low) 

Used as write strobe to external 
data memory. 

11^ . .Address latch enable. This signal 
... .' ^ c^(^ QHoe c^^wfSf«ae^^cle and 
iruseful as a (Sock output. 

■ The negative edge of ALE strobes 

address into external data and pro- 
gram memory. 

9 Program store enable. This output 
occurs only durmg a fetch to exter- 
nal program memory. (Active low) 

Single step input can be used in con- 
junction with ALE to "single step" 
the processor through each in- 
struction. (Active low) 

External acce^ input whict^JForces 
all program mg!l^iDry<fet«h9St1p, re- 
ference external memory. Useful 
' ferehnulation'faiid debug-, and 
isWnt'ial far 't^stlK^ arid pttt^a m 
verification. (Active high) 

One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Non TTL Vih ) 

Other side of arystal input. ^ 



Li:::- 



1 — 
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8048/8035L/8748/8748-6/8748-8/8Q95/9pa$!# 



INSTRUCTION SET 



Bytes Cycle 



*30HITAFI t>HlU V' 3TUJO?.eA 

Mnmnonic Daicriiitian Bytes Cyclas 



ADO A, =aata 
ADOC A. R 

ADDC A, (5)R 
ADDC A, =data 
ANL A, R 
ANL A, (SR 
ANL A, =data 
ORL A, R 
ORL A. @>R 
ORL A. =data ■' 
XRL A, R 

XRL a; @R ■ 

XRL A, =:data 
INC A 

DEC A 
CLR A 

DA A 
SWAP A 
Rli A 

RLC A 
BR A 
RRC A 



'i*cW''re91ster to A "-'-' - '"■ •■■> .- 
'iSdS'tlafa memory t^ M ■ '''^ ' '' ' 
Add immediate to A:i*"0«« ' 
Add register with carry 
Add data memory with eariy 
Add immediate with caW^ 
And register to A ^ 
And data memory to ^^^^^yg^ 
And immediate to A 
Or register to A 
Or data memory to A 
Or irhme^iate to A ^ 
Exclusive or register to A 
Exclusive or data' 
Exclusive or i 
Increment A 
Decrement A 
Clear A 

_Cgrnplemeiit A 



Decimal adjust A' 
Swap nibbles of A 
Rotate A left 

Rotate A left through trarry 
Rotate A right 

Rotate A right through carry 



■n ■ 1: - 
1^ -.I .. 

1 1 

1 1 

2 2 

1 1 



•to -subroutine 2 
I RET Return»jScr V- ■.•IW : " n V .I 

RETR ' V .. Return and restore status 1; 




IN A. P 
OUTL P, A 
ANL P, =data 
ORL P, =data 
INS A, BUS 
OUTL BUS, A 
ANL BUS.4data 
OliL BUS.idijta 
IMOVD A, P 
IMOVD P, A 
ANLD P, A 
ORLD P, A 



Input port to A 
Output A to port 
And immediate to port_ 
Or immediate to port 
Input BUS to A 
Output A to BUS — 
And immediate to BUS 
tlrimnwdiate to BIR> " 
Input expander port to A 
Output A to expander port 
And A to expander port 
Or A to expander port 



e*. 



INCR Increment-register 

INC @R Increment data memory 

DEC R Decrement register 



2 
2 
2 
2 
2 
2 
2 

- 2 f 
2 
2 
2 
2 



1 1 

1 1 

,1 1| 
-J- 





_^Paddr 


Jump unconditional 


2 


2 




"jMPPeA 


Jump indirect 


1 


2 




-OlNZ.R.addc 


BOOMfient jegister and skip 


2 


2 




JC addr 


Jurnp on carry = 1 


2 


2 




JNCaddr 


Jump on carry = i 


2 


2 




J Z addr 


Jump on A zero 1 


2 


2 


•g 


JNZaddr 


Jump on A not zero 


2 


2 


JTd addr 


Jump on TO - 1 ' 


— 2 


2 


e 
■ 


JNTO addr 


Jump on TO = - 


2 


2 


JT1 addr 


Njump onTI =1 


a 


z. 




JNT1 addr 


Jurnp on T1 = 


2 


2 




JFOaddr 


Jump on FO = 1 


2 


2 




JF1 addr 


Jump on Fl = 1 


2 


2 




JTF addr 


Jump on timer flag 


2 


2 




JNI addr 


Jump on INT = 


2 


2 




JBb addr 


Jump on accumulator bit 

\ ! "■ '■ 
1 


2 


2 



CLR C Clear carry 1 

GPL C Complement carry 1 

Z CPL FO Comptament flag 1 

Cftnrftarl ^ — - 1 

!PL Fl Complement flag 1 !l 



MOV A, R Move register to A 1 

MOV A, @R Move data memory to A 1 

MOV A, ^^data Move immediate to A 2 

MOV Ft.A, Moyfe A to register 1 

MOV @R, A Move A to data memory 1 

MOV R, =TJata Move immediate to register 2 

MOV @R, -data Move immediate to data memory 2 

MOV A, PSW Move PSW to A 1 

MOV PSW. A Move A lo PSW 1 

XCH A, R Exchange A and register 1 

XCH A,®*R Exchange A and data memory 1 

XCt-TD A, @R Exchange nibble of A and register 1 

MOViS A,.!§>R„ . .'Move external data rnemory to A 1 

MOVX @R, A Move A> to external data.memory 1 

IWOVP A, @A Move to A from current page 1 

MOVP3 A, @A Move to A from page 3 1 



i 



-•No operation 



MnamWHCs copyright Intel Corpe^'mnM^T^ 





MOV A, T 


Read flMr*/eSuri(er ' 


1 1. 


c 


MOV T, A 


Load timer/counter 


1 1 


3 


STRT T 


Start timer 


1 1 


o 
o 


STRT CNT 


Start counter 


1 1 


s 


STOP TCNT 


Stop timer/counter 


1 1 


E 


EN TCNTI 


Enable timer/counter interrupt 


1 1 




DIS TCNTI 


Disable timer/counter interrupt 


1 1 












EN 1 


Enable external interrupt 


1 1 




DIS 1 


Disable externa! interrupt 


1 1 


"3 


SEL RBO 


Select register tjank 


1 1 


c 




SEL RBI 


Select register bank 1 


1 1 


H. 


SEL MBO 


Select memory bank 


1 1 




SEL MB 1- 


Select memory- banjs 1 


1 1 




ENTO CLK 


^n^le clock output on jp 


1 1 



. 



AFN-<naS4A« 



r^...w«..> ui.uol Dias ............v-s»^o TO Ratings" may cause permanent damage lo the dsvlce. This is a sUess 

StOFBSe Temperature -66*C?la +1;2S"C rating oniy and functional operation of the devipe at ttiese or any other 

Vdltage On Any Pin With Respect conditions above those indicated In the ope^onal sections of this 

to Ground -0.5V to ♦TV speclfloetion Is not implied. 

Power Dissipation 1.5 Watt 

■p.. (fil'i -. r. I • / 'V. s . 

D.O.ANO OMUIATING CHARACTERISTICS Ta = o-cto7o c vcc = vdd = +5v ± io%,Vss = ov 

I ■:>.■-. (Ta = 0*Cto55"Clor8748-6) 



1 

Symtml' 




Limits 


Unit 


Test Cendltlom 




MIn. 


Typ. 


Max. 




Input Low Voltage 

(All Except RESET, XI, X2) 


-.5 




.8 


V 






Input Low Voltage 


-.5 




.6 


V 




V'lH 


Input High Voltagtt^'' <^'''^' 

(All Except XTALt; XTAE2, rtfeSET) 


2.0 




Vcc 


v 




V|H1 


Input High Voltage (XI. X2, RESET) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage (Bj^S) ^, 






.45 


V 


Vol = 2.0 mA 


Vqli 


Output Low Voltage 
(RD, WR, PSEN, ALE) 






.45 


V 


'OL = ''•8 fTiA 


V0L2 


Output Low Voltage (PROG) 






,45 


V 


Iql = 10 mA 


V0L3 


Output Low Voltage 
(All Other Outputs) 






.45 


V 


Iql = l-B mA 


VoH 


Output High Voltage (BUS) 


2.4 






V 


'oh =-*OP^A 


V0H1 


Output High Voltage ■ s 
(RD, WR, PSEN, ALE) • ' 


2.4 






V 


'oh = "''0^ ^A 


VoH2 


Output High Voltage 
(Ml OtHsr Outputs) 


2.4 






V 


iQH =-40iliA 


'li 


Input Leakage Current (T1, INT) 






± 10 


^^ 


Vss < V|N < Vcc 


lyi 


Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 






-500 


fJA 


Vss+ •45<V|N<Vcc 


'lo 


Output Leakage Current (BUS, TO) 
(High Impedance State) 






± 10 




Vss + .45<V,N<Vcc 


'dd 


Vqq Supply Current 




5 


15 


mA 




'cc 


Total Supply Current 




60 


135 


mA 






1' AJ.y:fL;-V^^^ 



WAVEFORMS 

Instruction Fetch From External Pau/HU 



BUS FLOATING 



58 



Read From ExXafiff Memory 



1 



SUS FLOATING 



-iNSTRoerioiii 

! ooe 



osr 



Write to External Data Memory 



Input and'Output Wavaforms for A.C. Tests 



J 



BUS FLOATIN(^ADDRESS^FLOATING^ DATA~^ FLOATING ' 



2A • 
04S- 



A. 



3^ 



A.C. CHARACTERISTICS = o-cto7o°c-. Vcc = = +5v ±io% , Vgs = ov 



:3<SM/>«iX3 







8048 

874»« 


8748-8" 






ParaiMtor 


•74«/8035/8035L 


8035-8 


Unit 


Conditions (Note 1) 


MIn. 


Max. 


MIn. 


Max. 


tLL 


ALE Pulse Width 


400 




600 




ns 




tAL 


Address Setup to ALE 


120 




150 




n$ 


' ■'Ig.t; 




Address Hold from ALE 


. 80 




80 




ns 




tec 


Control Pulse Width (PSlil, ^WR) 


700 




1500 




ns 




tO¥V 


Data Setup before WR 


soo 




640 




ns 




two 


Data Hold After WR 


120 




120 




ns 


Cl = 20pF 


tCV 


"^cle Time |^ 


2.5 


15.0 


4.17 


15.0 


fa 


6 MHz XTAL = 2.5 
(3.6 MHz XTAL for -8 


>DR 


Data Hold 





200 





200 


ns 




tRO 


PSEN, RD to Data In 




500 




750 


ns 




*AW 


Address Setup to WR 


230 




260 




ns 




tAD 


Address Setup to Data In 




950 




1450 


ns 




•afc 


Address Float to RD, PSEN 












ns 






Control Pulse to ALE 


10 




20 




ns 





Note I: Control outputs: Ct^stDtP t@f «2A |ia tar atandard p 
BUS Outputs: C|.= 19B# 'a4.17|is tor -Sparta 



■T^ = 0*C to 5S'C tor 87<»« 
"Vqeand Vpo bf STWa and a03M n ±S« 
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8d48/803SI^748/8rii^4i^l!li^to35/8035-6 



A.C. CHARACTERISTICS (PORT 2 TIMING) 

Ta ' o*G to 7i*e> Vc(^ 5v*ifnfc; vb> 0v 

(Ta ■ 0*C to 66*e for 8748-6) 

Ta= -40'C to +K'C. Vcc = SV ±10%, Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 




Port Control Setup^efore Falling ^e of PROG 


115 




ns 




tpc 


Port Control Hold After Falling of PtKiG 


65 




ns 






PROG to Time P2 Input Must Be Valid 




860 


ns 




tpF 


Input Data Hold Time 





160 


ns 




'dp 


Output Data Setup Time 


230 




ns 




tpo 


Output Data Hold Tlnne . 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 


'\ 




Port 2 I/O Data Setup 


300 




ns 






Port 2 1/0 Data Hold 


120 




ns 





PORT 2 TIMING 



y — V 



OUTPUT jf PCH I •«|j-8JiVt' 31 PORT 2|).3 DATA J^ 



DC 



00?! 



PORT 20.3CATA 



0*? 



PORT CONTROL 



00 

Oft- 




PORT CONTROL 



08: 



ore 



- — — ^ 



oat' I 



OUTPUT DATA 



:<=z>: 



INPUT 
DATA 
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8048/8035L/8748/8748-6/8748-8/8035/8035-8 



CRYSTAL OSCILLATOR MODE 



01 



LC OSCILLATOR MODE 



I 



45|jH 20 pF 5.2 MHz 

120 iiH 20 pF 3.2 MHz 



TAL 2 — r- 



, e»3Cpp 



vr.., Cpp = 5-iqpFPINT0-WN 
XTAL2 CAPACITANCE 



02 = 5pF ♦ 1/2pF ♦ STRAY 5pF 

X2 »0HY8TAt:» STRAY 8pf - • 'i 

03 = 20pF ♦ IpF ♦ gTRAY 6pF ' 

OmOTa:aEmKRiJi8T)«aeiteUi;0BELE8fftHAN7S WeMHz; LESSTHAN ' EACH CSHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE: 
1 W ATlMim . 1 



DRIVIiNfiXBDM JEXIEBNALSQURCf 





' 1 +5V 




• i ^ 


I 

■ 470Q 

2 
















XTALl 






+ 5« 








^ ^ 4700 






T vo-^ 1 




XTAL2 







FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGEiS ABOVE 1 .6V AND "LOW" 
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQLIIREMENTS FOR EXTER- 
NALLY DRIVING XTAL 1 AND XTAL 2USINGTHECIRCLIT SHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE 0048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 



MUST BE HIGH 35-65% OF THE PERIOD. 

FOR THE 6743, XTAL MUST BE HIGH 45-S0« OF THE PERIOD AND XTAL2 MUST 
BE HIGH 50-55% OF THE PERIOD. 

RISE AND FALL TIMES MUST NOT EXCEED 20ni. 

. h: .-A.- t . - ; . ...c 

.' r * ^''r^Q - .,^>' .^ap - -..-V " - .,T 



PROGRAMMING, VERIFYING, AND 



ERASING THE 8748 EPROM 



Programming Verification 



-+ - 



4n brief, the prograraming process consists of: activat- . 
iTQ.th.sfli'OfiLamjnode, applying an address, latchlng^the 
address, applying dafa, and applying a programmrng' 
pulse: Each-word-lsf programmed- cqmpietely-befofe 
movin^'On-to-the.nei^t.antf \h follbui£idJtiy.a.yBJdiJcati0n 
st ep. The foll owing isja llst>of the plnadaw^ f^rprog rannj- 
ming and a desoriptiorroTtfieir funetleik 



WARNING: 

An attempt to program a mis-socketed 8748 will result in 
severe damage to the part. An indication of a properly 
socl^eted part is the appearance of the ALE clock out- 
put. The iack ,of ^h^^, clBs^}iiSY^arfl|S?)^^^ 
programmer. ' ^ . ■ " 

The Program/Verify Sequence is: 

1. Vdd = 5V, cloc k applied jor Internal oscillator oper- 
ating, RESETsOVp^:^ OaSV, EA = 5V, BUS and 
PROG floating. 

5. Insert 8748 in programming socket. 

3. TEST = OV (select program mode). -^.-vTl' 

4. EA=.23y (activate proj|carn nriode), ^ 
" ~5. Addfessapplledlo BUS and RSJ-Tr~ 



31 



Pin 


Function 


XTAL 1 


Clock Input (1 to 6 MHz) 


RESET 


Initialization and Address Latching 


TESTO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data input 




Data Output dul<ri«i ¥Mir 


P20-1 


Address Input 


Vdd 


Programming Power Supply 


PROG 


Program Pulse Input 



6. RESET = 5V (latch address). 

7. Data applied to BUS. 

8. Vdo = 25V (programming power). 

9. PROG = OV followed by one 50 ms pulse to 23 V. 

10. VoD = 5V. 

1 1 . TEST = 5V (verify mode). 

12. Read and verify data on BUS. 

13. TESTO = 0V. 

14. RESET = OV and repeat from step 5. 

15. Programmer should be at conditions of step 1 wlien 
8748 is removed from socket. 
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AC TIMING SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ± S'C. Vcc = 5V ± &^bo = 26V ± IV 





Parameter 


Min. 


Max. 


Unit 


Teal Con<ntiona 


tAW 


Address Setup Time to RESET t 


4tcy 








tWA 


Address Hold Time Af^r RE^^ t 


4icy 










Data in Setup Time to PROG t 


4icy 






- 


two 


Data in Hold Time After PROG I 


4tcy 








tPH 


RESET Hold Time to Verify 


4icy 






-T " I 1 


(voow 


VoD 


4tcy 


- ■■ ■ 






tVDOH 


Vdd Hold Time Af«Kf!«lft?>!?, 1 4 '/ - J T X • 




['>'/[',':.' 






tPW 


Program Pulse Width 


50 


60 


ms 




tTW 


Test Setup Time for Program Mode w . 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 








too 


Test to Data Out Delay |^ 




4tcy 






tww 


RESET Pulse Width to Latch ifllieltlr^ 


4icy 








tr. t( 


Vdd and PROG Rise and Fall times j , 


0.5 


2.0 


MS 




tCY 


CPU Operation Cycle Time | V' 


5.0 




MS 




tRE 


RESET Setup Time Before EA;.t; ■ - 


4tcy 









Note; l( Test is high too can be triggered by RESET i 



DC SPECIFICATION FOR PROGRAMMING 

Ta = 2S*C + 5*C, Vcc = 5V ± 5%, Vdd = 25V ± IV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


VOOM 


Vdd Program Voltage High Level 


24.0 


26.0 


V 




VODL 


Vdd Voltage Low Level 


4.75 


5.25 


V 




VPH 


PROd' Program Voltage High Level 


21.5 


24.5 


V 




VPL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verity Voltage High Level 


21 5 


24 5 


V 


8748 


VeaHi 


EA1 Verify Voltage High Level 


11.4 


12.6 


V 


8048 

.. ■ 1. . J. . 


Veal 


EA Voltage Low Level 




5.25 


V 


r ..- ,yc : - 


Ido 


VoD High Voltage Supply Current 




30.0 


mA 




IPROG 


PROG High Voltage Supply Current 




16.0 


mA 




lEA 


EA' High Voltage SuF)ply Gurreiit ' - ' 




,1.0 . 


mA 





V 8S c ) eeiuq am Oc ^ ■ "v* vo = oORS e 
""jdw f <^rs)o 4noilit>no:> ;a - j biuoiie le rirn6iB0i<i .2: 



#1% 
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WAVEFORMS FOR PROGRAMMING 



V 5 r 
■I J' 



COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 



2SV 



EA 



oeo-DB, 



/ ADDRESS 
— ~ ^ 10-71 VALID A 

ADOffiSS X 



DATA TO BE 
PROGRAMMED VALID 



ADDRESS (8-9) VALID 



7 



PROG 

♦S — 

-i()i5f; «i " 



\ 



• WODH 

I tVKT- 



^ A 



— 1 



XZ 



NEXT 
ADDRESS 



l-8i> 



TO.RSSIT 



/ ADDRESS \/ DATA OUT \ / NEXT \/ NEXT DATA \ 

"\ 10-71 VALID jir VAtW ADDRESS ~T\,' OUT VALID ^ 



Pjo Pi Y ADDRESS 18-91 VALID Y NEXT ADDRESS VALID 

A ^ : A p.^—, ^ 

NOTES: I ^ 

1. PROG MUST FLOAT IF EA IS LOW (i.e., ^23V). OR IF TO = 5V FOR THE 8748. FOR THE i 

8048 PROG MUST ALWAYS FLOAT. L— Y«ll 

2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE B^KC ICY. THIS IS ACCEPTABLE FOR ) 

■8 PARTS AS WELL AS STANDARD PARTS. , i . ! i 



The 8748 EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peripheral 
ot the Intellec* Development System with a UPP-848 
Personality Card. 



Note: See the ROM/PROU ssotton lor 8048 ROM ordering procedures. 
To minimize turnaround time on the first 25 pieces 8648 may be 
specified on the ROM ordef;-r.n.n'><> • 



I !»i ajim iw i wrv im>' 



6-17 



AFN-at3S4A-0S 



intel 
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ID8048/8748/8035L 
INDUSTRIAL TEMPERATURE RANGE 
SmULE C0MPJDJMEMT 8-BiTJVIICBQCQMPUTER 

wAn^o^ * Mask Programmable ROM 
"""""'^ • 8648 One-Tlme Factory Programmable EPROM 
• 8748 User Programmable/ Erasable EPROM 

* 803^»0m Ext©riterfW)«rorEPROM 

V • - 40?€4©-+ 8§ftC^ Operation - 



8-Bit CPU, HeiM, RAM, I/O in Single 
Package 

Interchangeable ROM and EPROM 

Versions 



■ Single 5V Supply 

■ 2.5 liSBC and 5.0 /isec Cycle Versions: 
All instrlKBtions 1 or 2 Cycles 

■ ^Nwr 86 pns tructlons; 70% Sin gle Byte 



1Kx8 ROM/EPROM 
64 X 8 RAM 
■ / 27 I/O LINES 

■ Interval Timer/Event Counter 

■ Easily Expandable Memory and I/O 

■ Compatible with 8080/8085 Series 
^J*tripherals 



■ Sirigje Level Interrupt 



The Intel* 80|fi^W4S/8748/803S is a totally self-sufficiehf 8-b1t parallel computer'fabrlcated on a single silicon chip 
using Inters M-ehannel silicon gate MOS process. 

The 8048 contains a IK x 8 program memory, a64 x 8 RAM data memory. 27 I/O lines, and an 8-bit timer/counter in addi- 
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded 
using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent o1 an 8048 without program 
memory. The 8035L has the RAIVI power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro- 
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 ROM order. The substitution 
of 8648's for 8048's allows for very fast turnaround for initial code verification and evaluation units. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compati- 
ble versions of this single componsnt microcomputer exist: the 8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program 
memory for low cost, high volume production, and the 8035 without program memory for use with external program 
memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single b^te instructions and no instructions over2 bytes in length. 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 





PROGRAM 

MEMORY 



7\ 



64 WORDS 

DATA 
MEMORV 



8-BIT 
CPU 



7\ 



PROGRAM 

STORE 
ENABLE 

ADDRESS 

LATCH 

ENABLE 

PORT 

EXPANDER 
STROBE 



\7 



8- BIT 






TIMER/ 




27 


EVENT COUNTER 




I/O LINES 



°-"R.?P8?f*''" 6*18 
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PIN DESCRIPTrON 

bnlsimiion Pin # Function ' 



:)2 ;'?0'^:>vi?^Ten! 



bii^gmK^^ _Pi!l #_ Function 



Vss 
Vdd 



Vcc 
PfitOG 



P10-P17 
Port 1 
P20-P27 
P4n2 , 



DBg-DBy 

BUS 



TO 



T1 



INT 



20 Circuit GND potential 

26 Programming power supply; +25V 
during program, +5\/ during oper- 
ation for both ROM and PROM. 
Low powMMtpMiby pin in 8048 
and 803&t. ' 

40 Main power supply; +5V during - 
operation and programming. , 

25 Pi-cgram pulse (+23V) inpiifpSSP 
during 8748 programming. - - 

Output strobe for 8243 I/O ' 

expander. 

27-34 8-bit quasi-bidirectional port. 

21-24 8-bit quasi-bidirectional port. 
, 3§-38 P20-P23 contain the four high 

order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243. 

12-19 True bidirectional port which can 
• be written or ri ;ad synchronously 
using the RD, WR strobes. The 
port can alsb'be statftally llFt^^'d. 

Contains the^ low order program 
counter bits during an external 
program memory fetch, and receives 
the addres sed ins truction under the 
control of PSEN. Also contain$the 
, address and data during an pxternaj 
v.. V, RAM d^^arae^ru^lWiilJ^er- 
control of AIM, Wit, atwl W ?R. 

1 Input pin testable using the con- 
ditional transfer instructions ^jjb 
ans) JNTO. TO can be de$jgiji^te^ a^ 
a^clock output ujing ENTifcicjyC ; 
instructiort. TO ,j« also u$«d>cliivsigu 
programming. ra«"jd;- 

33 Ih^ut pin testable using the JT11 
" and JNT1 instructions. Can be des- 
ignated the timer/counter inp^tiusing 
the STRT CNT instruction. 

6 Interrupt input. Initiates an inter- 
rupt if interruDt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instructfow. PietilH Am^ 



RD r 

I r 

s 

I t 



RfeSET ; 



Wft J 



ALE 



r t 

' ■ t 



PSEN 



SS 



EA 



XTAL1 



>FrAL2S 



8 Ontput: strobe activated duriagi a 
- "-BtlSread. Cari 6e usedto enalble 

data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. (Active low) 

4 „ lijput yvhich is used to initialize the 

prqp9^or. Also used during PROM 
a IM-ogrammlng verification, and 
power down. (Active low) 
(Non TTL V|h ) 

Output strobe during a bus write. 

(Active low) 

Used as write strobe to external 
data memory. 

1 1 Address lateh enable. This signal 
occurs once during each cycle and 
is useful as a dock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 

9 Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 

5 ' Single step input can be used in con- 

junction with ALE to "single step" 
the processor through each in- 
struction. (Active low) 

7 ExtSrfial access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter- 
rial oscillator. Also input for exter-^ 

nahfOarceriNon TTL VjH ) 

3 '*®«B*"side of 'ervstel inpHti^ "^i^ 



ADD A, @iR 
ADD A, =data 
ADDC A, R 
ADDC A. @R 
ADDC A, ftdata 
ANLA.B 
AN LA, @>R 
ANL A, =Fdata 
^ ORL A. R 
8 ORLA, @>R 
□ ORL A. =data 
I XRLA, R 
!> XRLA, (i>R 
* XR L A, #data 
INC A 
QfiC.A 
CLR A 
CPLA 
DA A 
SWAP A 
RLA ,, , n 

m 



fifi 



«un register to A 

Add data memory to A 
Add immediate to /\ 
Add register with c^rry 
Add data memory v^ith carry 
Add immediate with carry 
i^i^TKl Agister 
And data memory to A 
And inifrSadiatiWi'A 
Or register to A" " ' 
Or data memory to A 
Or immediate to A 
Exclusive or register to A 
Exclusive or data memory to A 
Exclusive or immediate to A 
Increment A 
Decrement A 
Clear A 

Complement A 

Decimal adjust A 
Swap nibbles of A 
Rotate A left 

Rotate A left through carry 
'WdtatS A right 
"^iiKste A right through carry 



ID8048/8748/803SL 

I cALLoddr 
I RET 
5 RETR 



IN A, P 

OUTL P, A 

ANL P, #data 
S ORL P, #data 
3 INS A, BUS 
S OUTL BUS, A 
I, ANL BUS,#dat3 
£ ORL BUS,#data 

MOVD A, P 

MOVD P, A 

ANLD P, A 

ORLO P, A 



Input port to A 
Output A to port 
And immediate to port 
Or immediate to port i 
Input BUS to A 
Output A to BUS 
And immediate to BUS 
Or immediate to BUS 
Input expander port to A 
Output A to expander port 
And A to expander port 
Or A to expander port 



t INC R 
S INC @R 
5 DECR 



Increment register 
Increment data memory 
Decreipept regt^«r 



- - T 
JMPaddr „ ;,,(; 
JMPP OA 
□JNZ R, addr 
JC addr 
JNC addr 
J Z addr 
JNZ addr 
■S JTO addr 
JNTO addr 
JTl addr 
JNT1 addr 
JFOaddr 
JF1 addr 

JNIaidr 
JBb addr 



.^jSnp uneonditienal 2 ' 

Jump indirect 1 2 

Decrement register and skip 2 2 

Jump on carry =1 2 2 

Jump on carry = 2 2 

Jump on A zero 2 2 

Jump on A not zero 2 2 

Jump on TO = 1 2 2 

Jump on TO = 2 2 

Jump on Tl = 1 2 2 

Jump on Tl = 2 2 

Jump on FO = 1 2 2 

Jump on Fl = 1 2 2 

Jump on time r flag 2 2 

I 4MP on ( NT "0 2 2 

I Jump on accumulator bit 2 2 



Jump to subroutine 
R«tur,n 

Return and restore status 



emi.c 

CPL C 
CLR FO 
CPL FO 
CLR F1 
CPL, Fl 



Clear cariy 
Complement carry 
Clear flag 
Complement flag 
Clear flag 1 
Complement flag 1 



MOVA, R 
MOV A, @>R 

MOV A. !Mata 
MOV R. A 
MOV SIR, A 
MOV R, =data 
I MOV@iR,=tdata 
I MOV A. PSW 
5 MOV PSW, A 
Q XCH A, R 
XCH A,(s>R 
XCHD A, (S>R 
MOVX A, (5>R 
MOVX @R, A 
MQVP A, ll>A 
M0VP3 A, @A 



Mov^ rsgttler to A 
Move data-memory to A 

Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move P^^ 19 A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and register 
Move external data memory to A 
Move A to external data memory 
Move to A from current page 
Move to A from page 3 



MOV A, T Read timer/counter 

MOV T, A Load timer/counter 

STRT T Start timer 

STRT CNT Start counter 

STOP TCNT Stop timer/counter 

EN TCNTI Enable timer/eounfer interrupt 

"bis TCNTI Disable tiitAr/coun'ter interrupt 



EN I 

DIS( " ' 

g selWSS'" 

SEL MB1 
BNTOCjLK 



Enable external interrupt 
Ditatife external Interrupt 
' ' Select reifister bank 
'-"'SMeidf register bank 1 
' 3 memory bank 
Select memory bank 1 
Enable clock ou^ut on TO 



No operatk>n 



!9fPl . >f)t '6il'-' -. ■ 
II |«. fl. .1 I 



Mnemonics copyright Intel Corporation 1976 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature U(idef,g|ff|gg n^gg ^^f^^'^Cr 

Storage Temperature - to + 12S*C 

Vettage On Any Pin With Respect 

to Ground - 0i5V to + TV 

Power pissjeation 1 3 Watt 

J l._ i T - 



'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicstod In .tf)^ onoraitonal aectloniit: of tMs 
specification is not implied. , 



J"" 
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D.C. AND OPEiUtING CHARACTERiSTtCS 

Ta= -40*Ct6 +S5'C. Vcc = Vdd= +5V ±10%. Vss=OV 





1. ^/tsmai^vL: 


Limits 


Unit 


Test Condttions 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage (All lExcept RESET, XTALI.XTAUZ) 


-0.5 




0.8 


V 


If J'.* 


V,L1 


Input Low Voltage (RESET, XI, X2) 


-0.5 




0.6 


V 




V|H 


Input Higtf Voltage (All Except XTAL1, XTAL 2, RESET) 


2.2 




Vcc 


V 




V|H1 


Input High Voltage (XTAL1, XTAL2, RESET) 


3.8 




Vcc 


V 




Vol 


Output Low Voltage (BUS, RD, WR, PSEN, ALE) 






0.45 


V 


loL= 1-6 mA 


VOLI 


Output Low Voltage (P10-P17, P20-P27) 






0.45 


V 


loL= 1.2 mA 


V0L2 


Output Low Voltage (A 1 Other Outputs) 






0.45 


V 


loL = O.BniA ' ^, 


VOH 


Output High Voltage (BUS) 


2.4 






V 


loH = - 280 (iA 


VoH1 


Output H Igh Voltageiro; WPl', PSBH) ' 


2.4 






V 


loH= -80mA 


VoH2 


Output H Igh Voltage (All Other Outputs) — 


2.4 






V 


loH = - 30 »iA • 


lu 


Input Leakage Current (T1, INT) 






± 10 


mA 


Vss<V|N<Vcc 


Ilii 


Input Leakage Current (P10-P17, P20-P27, EA, S5) 






-600 


mA 


Vss+.45<V|N<Vcc 


Ilo 


Output Leakage CurrenlMj^^'MM^ ItlilsaiKlceStete) 






±10 






'dd 


Vdd Supply Current 




10 


20 


mA 




Idd+ Ice 


Total Supply Current 




75 


145 j rriA , 
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lommmmsxmL. 



WJl¥iF€>RiMS 

■instruction Fetch From External Program Memory 




BUS FiLdATING, 



Read From External Data Memory 



ALE 



J L 



^cc — M 'CA 



BUS FLOATINS,. 



FLOATrNG 

DATA 



Write to External Data Memory 




BUS FLOATIN(^ADDRESS^FLOATIIMG^ DATA ^^^FLOATtNG 



Input and Output Waveforms for A.C. Tests 

'.'1 r 'i i, , . . ■ 
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A.C. CHARACTERISTICS 

Ta= -40°CtO +85°C, Vcc = Vdd= +5V ± 10%, Vss = OV 



Symbol 


Parameter 


8048/8035L 


8748/8035 


Unit 


Conditions (Note 1) 


Min. 


Max. 


Min. 


Max. 


«LL 


ALE Pulse Width 


200 




300 




ns 






Address Setup to ALE 


120 




120 




ns 




tLA 


Address Hold from ALE 


80 




80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


400 




600 




ns 






^tt^ ^Mup^fore 


420 




600 




ns 




•wD 


Data Hold After WR 


80 




120 




ns 


Cl = 20 pF 


tcY 


Cycle Time 


2.5 


15.0 


4.17 


15.0 




(3.6 MHz XTAL 8748/8035) 


toR 


Data Hold 


■ 


200 





200 


ns 




tflD 


PSEN, RD to Data In 




400 




600 


ns 






Address Setup to WR 


230 




260 




ns 




tAD 


.Address Setup to Data in 




600 




900 


ns 




Ufc 


Address Float to RD, PSEN 


-40 




-60 




ns 




tCA 


Control Puise to ALE 


10 




10 




ns 





Note 1: Control Outputs: Cl= 80 pF tcy = 2-5 mS for 8048/8035L 
BUS Outputs: C|.= 150pF 4.17 |is for 8748/8035 



6^ 
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A.C. CHARACTERISTICS 

Ta= -40''C to +85'C, Vcc°SV ±10%, Vss = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tcp 


Port Control Setup Before Falling Edge of PROG 


115 




ns 




tpc 


Port Control Hold After Falling Edge of PROG 


65 




ns 






PROG to Time P2 Input Must Be Valid 


.J 


860 


ns 




tpF 


Input Data Hold Time 





160 


ns 




top 


Output Data Setup Time 


230 




ns 




tpD 


Output Data Hold Time 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 






^ .Port 2 I/O Dattf^!^^«l2- -/-^ 


300 




ns 




tLP 


Port 2 I/O Data Hold 


120 




ns 





aaoM fliOTAjjtcao oj 



POHX 2 TIMING 



„.l__.Lj - 



EXPANDER 
PORT 



■3.1.' SuTPUT 



DC 



DC 



tPL lLP-» 



PORT 2o.3 DATA ^^^^POR^^ONTRO^^^^ 



PORT , D/ 



'/ Cs V.I ;.h.i 



■roq y- 



TA X PORT CONTROL JL 

- . icp — ■" — Ipc —J 



OUTPUT DATA 



3( 



.' f' , Riai- yliv, 



3©t'0M ythaVin-iniErOi'i loiiEji.'it A3 



flu < r f r|til" '0 - 



OOH 



OmTAli OSCILLATOR MODE 



immmmmBomD 



DRIVING FROM EXTERNAL SOURCE 

'> t, 




0-1S pF 



-o- 



li - 25 pF 
aipiSSOCKEn 

(»9(STAL.sauEs.aesist*MC|.SHdliLj>midB.«^^ 



BOTH XI AND X2 SHOULD BE DRIVEN. ' 

RESISTORS TO Vcc ARE NEEDED TO ENSURE V|H - 3JVJF Ttt CIRCUITIIY IS 
USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE ' 



LC OSCILLATOR MODE 



KiM MpF 5.2 MHz 
120|lH 20|lF 3.2 MH2 



1 = 



1 



rl. 



r 



2n^LC' 
C + 3Cpp 



Cpp a 5 - 10 pF PIN TO-PIN 
XTAL2 CAPACITANCE 



EACH C SHOULD B^MeHSOM^ELY 20 pF, INCLUDING STRAY CAPACITANCE. 



/ 



PROGRAMMfN®, VERIFYING, AND 

ERi^tNy|.0iHE8748 EPROM 



Pregi a jroni^ Verification 




In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latcfiing tfie 
address, applying data, and applying a programming 
pulse. Each word is programmed completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program- 
ming and a description of their functions: 

SI ' ^ ~ 



Pin V. 


FunctMn 


XTAL1 


Clock Input (1 to 6 MHz) 


RESET 


Initialization and Address Latching 


TESTO 


Selection of Program or Verify Mode 


EA 


Activation Of ProgramA/erify Modes 


BUS 


Address and Data Input 




Data Output during Verify 


^1 


Address Input 


Vdd 


i>rogramming Power Supply 


PfibG 


Program Pulse Input 



WARNING: 

An attempt to program a mis-socketed 8748 y|||^f^jijLtJn 
severe damage to the part. An indication of a pnqitecly 
e(j uart ia.tfte appearance of.tjie ALE clock out- 
put, lack of this clock may be used to disable the 



The Program/Verify Sequence is: 



1. Vpo = 5V, clo ck applied or internal oscillator oper- 
ating, RESET = 0V, TEST = 5V, EA = 5V, BUS and 
PROG floating. 

2. Insert 8748 in programming socket. 

3. TEST 0=0V (select program mode). 

4. EA = 23V (activate program mode). 

5. A ddress applied to BUS and P20-1. 

6. RisET= 5V (latch address). 

7. Data applied to BUS. 

8. Vt)[) = 25V (programming power). 

9. PROG = OV followed by one 50 ms pulse to 23 V. 

10. Vdd = 5V. 

11. TEST = 5V (verify mode). 

12. Read and verify data on BUS. 

13. TESTO = OV. 



14. RESET= OV and repeat from step 5. 

15. Programmer should be at conditions of step 1 when 
8748 Is removed from socket. 
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AC TIMING SPECIFICATION FOR PROGRAMMING 

Ta = 25«C ± 5*C. Vcc = 5V ± 5%. VOd * ^ ± tV 



Symbol 


F'arameter 


MIn. 


Max. 


Unit 


Test Conditions 




Address Setup Time to RESET T 


4tcy 










Address Hold Tlm& After RESETt 


4tcy 








tow 


Data in Setup Tirtie to PROGI 


4tcy 








two 


Data in Hold Time After PROGI 


4 toy 








•PH 


RESET Hold Time to Verify 


4tcy 








'vDDW 




4tcy 














'VDDH 


Vdd Hold Time After PROGi 











tpw 


Program Pulse Width 


50 


60 


ms 




tTW 


Test Setup Time for Program Mode 


4tcy 










Teat Hold Time After Prb^ram Mode 


4tcy 








too 


Test to Data Out Delay 




4tcy 






tww 


I^ESeT Pulse Width to Latch Address 


4tcy 








tr.t. ■ 


Vqq and PROG Rise and Fiall'Tlmes 


0.5 


2.0 


/MS 




tcY 


CPU Operation Cycle Time 


5.0 




MS 






RESET Setup Time Before EAI 


4tcy 









Note: If Test is high too can be tri9gir«il by 



DC SPECIFtGATION FOR PROGRAMMING 

Ta = 25°C ± S'C. Vcc = 5V ± i%. Vbo - 2SV 4 IV 



Symbol 


Parameter 


MIn. 


Max. 


Unit 


Test CondHlom 


Vdoh 


Vqo Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


Vqq Voltage Low Level 


4.75 


5.25 


V 




VpH 


PROG Program Voltage High Level 


21.5 


24.5 


V 




VpL 


PROG Voltage Low Level 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


8748 


Veahi 


EAI Verify Voltage Higii L«ve1 


11.4 


12.6 


V 


8048 


Veal 


EA Voltage Low L<3vel 




5.25 


V 




1 DD 


VQQHIgh Voltage Supply Current 




30.0 


mA 




1 PROG 


PROG High Voltage Supply Current 




16.0 


mA 




- 






—4.0^ — 


— mA ^ J 












n 





oti: ■ J TSlI' 9 /" t).-p : 

noM> MOM •tu no ttmmgi 
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WAVEFORMS FOR PROGRAMMING £:.v^iMMA,'' Jc «q RO- wor; 



COMBINATION PROGRAM/VERIFY MODE lEPROM'S ONLY) 



EA 



~«»» - -— — yT" 

— . — 



_L. 



«0 



1- 



y,i- k 



ADDRESS \/' DATA TO BE 
(0-7) VAL(D A PROGRAMMED VALID 



■•KtlodRAM' 



—I 



J _| vMbKESjS (11-9) VALID 



_i / Y DATA \_ _/ NEXTADDR 



-Wddh 

-tWT- 



NEXT 



'3-" ij-ir t ' ■"1''* ^'J 



to.rSKT 




NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (U.. *Z^i, OH IF TO - SV FOR THE Sm FOR THE 

80M PROG MUST ALWAYS FLOAT. 
Z. Xl AND X2 DRIVEN BY 3 MHi CLOCK WILL GIVE SiaeG tcY. THIS IS ACCEPTABLE FOR 

4 PARTS AS WELL AS STANDARD PARTS. 



The 8748 EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peripheral 
of the Intellec* Development System with a UPP-848 
Personality Caixl. 



Note: See the ROIVI/PROM section for 8048 ROIVI ordering procedures. 
To minimize turnaround time on the first 25 pieces 8646 may tw 
specified on the ROM order. 



AFN-OOMOA-Oe 




SINGLE COMPOhp^l^BIT MICROCOMPUTER 



* 8048 Mask Programmable ROM =~ 

* 8748 User Programmable/Erasable EPROM 

* 80351. Requires External ROM or EPROM 



J 



■ -SS^C to + 125°C 6 MHz Operation 

■ -55°C to + 100°C 3.6 MHz OpferailM 

■ 8-Bit CPU, ROW, RAM, JAMAS"* 
Single Package 

■ Interchangeable ROM and EPROM 
Versiens 

■ Single 5V Supply 

■ 2.5 Msec and 5.0 Msec Cycle Versions 
Ail Instructions 1 or 2 Cycles. 



I Over 90 Instructions: 70% Single Byte 

1K X 8 ROM/EPROM ' h;/- i m 
64 X 8 RAM 
27 I/O Lines 

I Interval Timer/Event Counter 

I pasily Expandable Memory and I/O 

Compatible with 8080/F8i6S Series 
Peripherals 

Single Level Interrupt 

The Intel M8048/M8748/M8035L are totally self-sufficient 8-bit parallel computers fabricated on single silicon chips using 
Intel's N-Channel silicon gate MOS p'ocess. 

The M8048 contains an 8-bit CPU, a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/ 
counter in addition to on-board oscillator and clock circuits. Fro systems that require extra capability, the M8048 can be 
expanded using standard memories and MCS-80tm/MCS-85™ peripherals. The M8035L is the equivalent of an M8048 
without program memory, and has the RAM power down mode of the M8048. To reduce development problems to a min- 
imum and provide maximum flexibility, three interchangeable pin-compatible* versions of this single component micro- 
computer exist: the M8748 with user-programmable and erasable EPROM program memory for prototype and prepro- 
duction systems, the M8048 with factory-programmed mask ROM program memory for low cost, high volume production, 
an^ the<M8^Sb'WltlWttt|)rogiwimwMy l@»'ys#M(l^^ program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has extensive' 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results 
from an instruction set consisting mostly of single bjrte inatrutfticins aM W"tmtru«^ns<^«^''2 4^|^s' )n Mi^hj' 

*VpD is used to program the M8748 and used for low power standby 01? t:tie!M80'WO35L. , . n - 



Pl^ CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGRAM 






















8BIT 

cpu 



1024 WORDS 
PROGRAM 
MEMORY 



TV 



64 WORDS 

DATA 
MEMORY 



<1 



8 BIT 
TIMER/ 
EVENT COUNTER 



iMTiL awpmwiDii mim mmmsmsn tU^^MI^Mtnt hther thaw circuitby BamED ih iwimjMiig.iio othhi licenses are impued. 



©INTEL GOHK, 1980 
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w.i.»ii-ii.w9uiLLAiuMlM^||^PI^«iy^^^^ ; v:, LC^^^ILLATOR MODE 



r 



w i 

1 
1 

. 1 




1'6MHz 






1 
1 

II I 




3 



120 >.H 



C_ NOMINAL I 
20 pF S.2 MHl 

20pF 



C3 

CI = SpF ± VipF + STRAY < 5pF 

CJ = CRYSTAL + STRAY < 8pF , ft.'- - 1 

' -Ca = JOpF t IpF + STRAY < 5pF ' 
CRYSTM. aemES resistance should be less than 7SS AT (MHz; LESS 
TMANms AT3.(MH>. ;4 ' '.^ .' i f; « y 




1 



" 2.VLC" 



Cpp = 5 - 10 pF PIN'TO'PIN 
CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUOING STRAY )^$i|i^AlteE. 



DRIVING FROM EXTERNAL SOURCE 




FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGES ABOVE 1.6V AND "LOW" 
AS VOLTAGES BELOW 1.6V, THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT iiHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE a04S, XTAL 1 MUST BE HIGH 3S.6S% OF THE PERIOD AND XTAL 2 MUST 



BE HIGH 35^% OF THE PERIOD. 

FOR THE 8748, XTAL MUST BE HIQH 45.50% OF THE PERIOD AND XTAL 2 MUST 
BE HIOH S(M5% OF THE PERIOD. 

NfE4ND!lf«li^T!WS I)U|T«PT EXCEED » ns. 

: . Ar _ - ;;iiMOjK '.i •■- . - 



PROGRAJt^INQ,, VERIFYING, AND ^ » . 

Programming Verification 

In brief, the programming process consists of; activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow- 
ing is a list of the pins used for programming and a descrip- 



tion of their functions:. i . ' i 

1 ' 1 1 J 

^ ' ' ... J 


Pin 


■ — 'T 

Function 


XTAL 1 

EA 
BUS 

P20-1 

VpD 
PROG 


Clock Input (1 to 6MHz) 

- Initiatizatldaand Addrus Lati^yig ; 

- Selection of Program or Verify'Mode ' 
Activation of Program A/efffy 'MoiSBS" 
Address and Data Input 

Data Output DunngJ/Eenfy 
Address Input 
Programming Power Supply 
Program Pulse Input 



WARNING: 

An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a property socketed part is the 
appearance of the ALE clock output. The lack of this clock may 
be used to disable the programmer. 

The Program/Verify sequence is: ' ' 

1 . VpD = 5v, Clock applied or internal oscillator operating, 
RESET = IV, TEST = 5v, EA - Sv, BUS and PROG 

2. Imert 874^ In programming socket 

3. TEST = Ov (select program mode) ' 

4. EA = 23 V (activate program mode) 
B. Address applied to BUS and P20-1 

6. RESET Sv (latch addrsa) 

7. Data applied to BUS 

8. Vqq = 25v (programming power) 

& PR<>G^ni^Mnoi|wdl]yoneB0mspu1l«^f6 93V'''^Y i 

10- Vdo = 5v ' ,;.),»-- 

11. TEST - 5v (vei^ mode) 

12. Read and verify data on BUS 

13. TEST 0- Ov ' 

14. ' RESET " Ov and l-epaBt from (tap S 

l^Tr^ErajirBmRMr ihaild'Ba at conditions of 1 whan 87^ 
' ' to F^nmsd from tockst 

' AFN407S0Ar02 



MflQ48/M874a/MaQ35L. 



AC TIMING SPECIFICATION FOR PROGRAMMING 



Ta = 25»C ± S'C, Vcc = 5V ± 5%. Vdo = 25V ± IV 








Symbol 


Parameter 


MIn. 


Max. 


unii 


1 Vvi wvnaiiivfiv 


Uw 


Address Setup Time to RESET I 


4icy 








tWA 


Address Hold Time After RESET t 


4icy 








tow 


Data in Setup Time to PROG I 


4tcy 






■ - - ~ — 


two 


Data in Hold Time After PROG 1 


4tcy 








tPH 


RESET Hold Tim'eTo Verify 


4tcy 






■JX 


-tvoDW 


Vdd 










4tcy 








tvODH 


Vnn Hold Ttmp Aftpr PROC^ 1 


ft 

.,u 








tPW 


Program Pulse Width 


so 


60 


mS 




tTW 


Test Setup Time lor Program Mode 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 














too 


Test to Data Out Delay 




4tcy 




,1.- 


tww 


RESET Pulse Width to Latch Address 


4tcy 








tr. tf 


Vdd and PROG Riss and Fall Times 


0.5 


2.0 


MS 




tCY 


CPU Operation Cycle Time .. 


5.0 




MS 




tRE 


RESET Setup Time Before EA — r,:"- 


4tcy 








Note: If Test is high too can be triggered by RESET t. 




v., 


' 


a- 






- 








DC SPECIFICATION FOR PROGRAMMING 

Ta^2KC^5?^Vgc = 5V ± 5%. Vdd = MV"* W 


/ 


\ 





... . ,:. 


Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Coiulllloii* 


VOOH 


Vdd Program Voltage High Level 


24.0 


26.0 


\l 
V 




Vddl 


Vdd Voltage Low Level 


4.75 


5.25 


V 




VPH 


PROG Program Voltage Higfi Level 


21.5 


24.5 


V 




VPL 


PROG Voltage Low Level 




0.2 


V 


, _ 


Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 


' 8748 • - 


Veahi 


EA1 Verify Voltage High Level 


11.4 


12.6 


V 


8048 


Veal 












EA Voltage Low Level ^ 




5.25 


V 




Idd 


" "vob HigTiiVQit^g'^Supgf Mrremy"' ' 






. mA /' 




IPROG 


PROG High Voltage Supply Current 




16.0 


mA 






EA High Voltage Supply Current 




1,9. 


mA 
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WAVEFORMS FOR PROGRAMMING ' ^ i .^e 



eOneiNATION program/verify mode (EPROM^ ONtY)- 



/ V 



r 



■ LA- J^oobesb*^ \/ — mtikM^^. V J,' / \/ data \ / nextadorX/ 

^~~r\ 10^7}VALICj ^^.^ROC^AWMEDVAU^ y— ^ y^,p ^ VALID ^ 



_ p LAST 

ADDRESS 



X 



* — too — »| 



ADDRESS 18-9) VALID 



7 



*0 



X 



NEXT 
ADDRESS 




..-.IM I 



XDATAOUT ^EXT ' ^/ NEXT DATa" \^ _ . .^^-^ ^ ^ ^ 

VALID *\ ADDRESS A. OUT VALID /" " ^ ' — — 



^ KfXT'*ttDBSS VALID 



NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., *23V), OR IF TO •= BV FOR THE 8748. FOR THE 
8048 PROG MUST ALWAYS FLOAT. 

2. X| ANP X2 DRIVEN BY 3 MHz CLOCK WILL GIVE Bwac <Gv THIS IS ACCEPTABLE FOR ALL PARTS. 



The 8748 EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP Series) 
peripheral of the Intellect Development System with a 
UPPtiMSflMsonality Card. 
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INSTRUCTION SET 



Description 



Cycle 











' i-1 




ADD A, R 


Add register to A 


1 


1 




ADD A. @R 


Add data memory to A 


T 


1 




ADD A. Vdata 
'Abbe A, R 


Add immediate to A 




2 




Add register with carry 


1 


1 




ADDC A, @R 


Add data memory with ean^ 


1 


1 




ADDC A, #data 


Add immediate with cil^0 


2 


2 




ANL A, R 


And register to A ■ 


1 


1 




ANL A. @R 


And data memory to A. 


1 


1 




ANL A. *data 


And immediate to_^^ 
Or register to 


2 


2 


« 


ORL A, R 


1 


1 


ORt @R 


ar data'm«tticjr<^$K 


1 


1 


3 


ORL A, #data 


Or immediate to A 


2 


2 


Accun 


XRL A, R 
XRL A. @R 


Exclusive or register to A 
Exclusive or data memory to A 


1 

1 


1 
1 




XRL A «data 


Exclusive or immedlfl^40 A 


2 


2 




tNC A 


Increment A 


1 


1 




-DfeCA " 


' Decrement A 


t 


t 




CLR A 


Clear'A 


» 


1 


.t 


,CPLA . , 
DA' A ' - 
SWAP A 
RL A 
RLC A 


Complement A 

Of 

Decimal adjust A 
Swap nibbles of A 
Rotate A left 

Rotate A left through carry 


1 
1 
1 
1 
1 


1 
1 
1 


.'e 


RR A 


Rotate A right 


1 




mcA" 


Rotate A right through carry 


1 


1 




TO .-J-.-/n , ■ 


rl' -' VM . ",'^36 .. . 








IN A, P' ' ' ^ - 


" ' Wpulper^tb'W" *i 


1 


2 




OUTL P, A 


Output A to port 


1 


2 




ANL P. «data 


And immediate to port 


2 


2 




ORL P #daia 


Or immediate to port 


2 


2 




INS A, BUS 


Input BUS to A 


1 


2 


3 

o 


OUTL BUS, A 


Output A to BUS 


1 


2 




ANL BUS. »dala 


And immediate to SUS 


f 


2 


3 

a. 
e 


ORL BUS. «data 


Or immediate to BUS 




2 




MOVD A, P 


input expander port to A 


1 


J.- 




MOVD P, A 


Output A to expander port 




^i 




ANLD P. A 


And A to expander port 


% 


2 




ORLD P, A 


Or A to expander port 


1 


2 


1 


INC R 


Increment register 


1 


1 


• 


INC @R 


Increment data memory 


1 


1 


« 
s 


DEC R 


Decrement register 


1 


1 




JMP addr 


Jump unconditional 


2 


2 




JMPP @A 


Jump indirect 


1 


2 




DJNZ R. addr 


Decrement register and skip 


2 


2 




JC addr 


Jump on carry =1 _ 


2 


2 




JNC addr 


Jump on carry = 


2 


2 




JZaddr 


Jiitnp on Aie* '"" 
"Jl/tfip m? A ni^^M 


2 


2 




JNZadtfr ' ^ ' 


2 


2 


JTO addr 


Jump on T0=-1 ,>^; g 


2 




■ 


JNTO addr 


Jump on TO = 


2 


2 




JT1 addr 


Jump on T1 = 1 


2 


2 




JNT1 addr 


Jump on T1 - 


2 


2 




JFO addr 


Jump on FO = 1 


2 


2 




JF1 addr 


Jump on F1 = 1 


2 


2 




JTF addr 


Jump on timer flag 


2 


2 




JNI addr 


Jump on TnT =0 


2 


2 




JB6 addr 


Jump on accumulator bit 


2 


2 





Mnemonic 


Description 


Bytofe Cydfes 


i 


CAUaddr 


jump to subroutine 


2 2 




^"reT'--, - 


RiWfrt ' ' f'i 


1 » 






'itisjt%iii<£status 


1 2 


CO' 




— '- * ^r,'■ — -'-rito 






CLR C 


Clear carry 


1 1 




CPL C 


Complement carry 


1 1 


M 
Ot 

a 


CLR FO 


Clear flag 


1 1 


iZ 


CPL FO 


Complement flag ^' 


1 1 




CLR F1 


Clear flag 1 


1 1 


niqCPL F1 


Complement flag 1 






MOV A, R 


Move register to A 


1 1 




MOV A, @R 


Move data meinory to a 


1 1 




MOV A, #data 


Move immediate to A 


2 2 




MOV R A 


Move A to register 


1 1 




MOV @R A 


Move A to data memory 


1 1 




MOV n ttriata 
lYlVJ V n, fruaia 


Move immediate to register 


2 2 


• 


IVI V tgf n, rruQ [CI 


Moi« immediate to data memory 


2 2 


1 


Vnyj r- -n, r&Vw 




1 i : 






■>MawiA»'PSW"'0 


1 1 


o 


XCH A, R 


Exchange A and register 


1 1 




XCHA, @R 


Exchange A and data memory 


1 1 




XCHD A, @R 


Exchange nibble of A and register 


1 1 




MOVX A. @R 


Move external data memory to A 


1 2 




MOVX @R. A 


Move A to external data memory 


1 2 




diMiOVrA,J@A>_t 


<v^o^ td^A from ctjrrent page 


1 






^ t0 A. from page 3 


1 2 




MOV A, T 


Read timer/counter 


■> 1 


£ 


MOV T, A 


Load timer/counter 


1 


c 

3 


STRT T 


Start timer 


1 1 


O 
U 


STRT CNT 


Start counter 


I 1 


« 


STOP TCNilii - 


' Stop timer/counter 




E 


EN nONFTI ■ 


jEnable timer/counter interrupt 




L 


PISTONTl . 


.Disable timer/couQter interrupt 






EN 1 


Enable external interrupt 






DiS i 


Disable external interrupt 




O 


SEL RBO 


Select register bank 




B 


SEL RBI 


Select register bank 1 




a 


SEL MBO 


Select memory bank 








, iSeWt )n»ttittrrtaiik 1 








u Prtab*? wfPS' 0" "TO 




~ r 


' iUt) I S' ' o?.it 








NOP 


No ope;«ti°n - 


1 1 



Mnemonics copyright Intel Corporation 1978 
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PIN DESCRIPTION 



Designation Pin # 



Function 



Pli# 



Function 



Vss 



ycc , 

I ; 

F*ROG' 



P10-P17 
Port 1 
P20-P27 
f?Ort2r 
I 

I r 



TO 



20 Circuit GND potential 

26 Programming power supply; +25V 
' during program, +5V during oper- 

-j- ation tor both ROM and PROM. 
Low power standby pin (if -8048 
1 and 8035L. ■- •' 

j 40 Main powKCJiuppiy; +sv.d)iH;in^ 
operation and programming. 

' 25 Program pulse (+23V) input pin 
" during 8748 programming. 

Output strobe for 8243 I/O ex- 
pander. 

27-34 8-bit quasi-bidirectional port. 

2,1-24 8-bit quasi-bidirectional port. 

:3B-38 P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and serve as a 4-bit I/O expander 
bus for 8243. ~ 

i -iWrlS.. True bidirectioral port which can 
1^ irwbfi written or re ad s ynchronously 
I «iusing the RD, WR strobes. The 
— 1 port can also be stattcaHytoiched.- 
ISpritjairis th(iJ low ordfripi^ar| 
counter bits during an,'«etern» 
j program memory fetch, and re- 
ceives the addressed instru ction 
under the control of PSEN. Also 
contains the address and data 
during an external RAM data store 
instruction, uniief control dtlSLE, 
RD, and WR. ' ^' 

i • .tfqaut pin testable using<4lie'x;on- 

dltlonal transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TOTs^afso used durlngT 
progrartimi ng.' "'-"^ 



T1 



33 Input pin testable using tlie v>Tl, 
^nd JNT1 instructions. Cm be 
designated tlie timer/counter in- 
put using the STRT GNT in- 
struction. 



RD 



RESET 



ALE 



PSEN 



SS 

s 

EA 



XTAL1 
*rAL2' 

S 



6 Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 

instruction. (Active lowi 

8 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Used as a read strobe to external 
data memory. <(Activ»'low) 

4 Input which is used to initialize the 
processor. Also used during 
PROM programming verification, 
and power down. (Active low) 
(Non TTL Vih) 

10 Output strobe during a bus write. 

I Active low) 

Used as write strobe to external 
data memory. 

1.1 Address latch enable. This signal 
- occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
grarn memory. 

9 Program store enable. ThtSJOutput^ 
occurs only during a fetch tC exter- 
nal program memory, f Active low) 

5 Single step input can be used in 
junction with ALE to "single step" 
the processor through each in- 
struction. (Active low) 

7 External access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 

2 One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source, (Non TTL Vih) 

3 Ott«er iide of etrystal inputs' ? 



6^ 
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A.C. CHARACTERISTICS (POW t TIMING) aWRO^^JVAW 



Symbol 


Paranwtw 


Min. 


Max. 


Untt 


TmI CondHiafm 


tcp 


Port Control Setup Before Falling 
Edge of PROS ; 


115 




ns 




ipc 


Port Control MoWAtteA' FrtMno *~ 
Edge of PROG 


-J 

65 




ns 


— 


Wr 


PRqG to Time P2 InputH^Wlim, 




860 


ns 




tPF 


Input Data Hold Time 





160 


ns 




top 


Output Data Setup Time 


230 




ns 




tPD 


Output Data Hold Time .t^smttan »ie 


25 




ns 




tpp 


PROG Pulse Width 


920 




ns 




tPL 


Port 2 I/O Data ^tup 


300 




ns 




tLP 


Port 2 I/O Data Hold 






ns 






MfKHaHWMMWMSfBBb-- 



WAVEFORMS 

Instruction Fetch From External Program Memory 



Read From External Data Memory 



BUS FLOATING 



'al 



'afc - "cc -\ tcAJrt 



TO 



I ^ floating"^ FLOATING ^ 

— 'nn — ^ iiufiTmimnM 





■1 ' ' 

1*— 'cc 


^ I— - 




1 




*AFC "■ 


1 FLOATING 




"OS _ 











BUS FLOATING 



^ _ INSTayCTIS?81 



JOC. 



Write to Ixternaj Data Memory 

- J 1 



Input and Output Waveforms for A.C. Tests 



|-" "cc "I "CA 

1 r 



BUS FtOATIMiyAOeBESSyFLOATIWOy DATA ^ FL0ATIH6 




A.C. llH/Crd^^ERISTICS 

Ta= -55 °C to (lOCC M8748/125°C M8048/M8035L), Vcc!=Vdd= +5V± 10%, Vss = OV 





a. ,«,^_._. ...PswmttJK... - , 


M8048 
IV18035L 


M8748 


Unit 


Ce»n^ (Note 1) 






Min. 


Max. 


Min. 


Max. 


tLL 


ALE Pulse Width 


200 




300 




ns 




tAL 


Address Setup to ALE 


120 




120 




ns 




tuv 


Address Hold from ALE 


80 




80 




ns 




tec 


Control Pulse Width (PSEN, RD, WR) 


400 




600 




ns 




tow 


Data S«up before WRj-.' •]'- ^' - 


420 




600 




ns 




twD 


Data Hold After WR 


80 




120 




ns 


Cl = 20pF 


tcY 


Cycle Time . > 


2.5 


15.0 


4.17 


15.0 


MS 


(3.6 MHz 


y 












XTAL8748) 


tOR 


Data Hold ' ^ 





200 





200 


ns 




tRD 


PS^c^toData In 




400 




600 


ns 




<AW 


A<k|«ss $nup to W^ 


230 




260 




ns 




tAD 


Address Setup to Data In 




600 




900 


ns 




tAFC 


Address Float to RD, PSEN 


-40 




-60 




ns 




tcA 


Control Pulse to ALE 


10 




10 




ns 





Note 1: Control ouipats: ' C].± 80 pF tcY " 2.Si|Us for 8048/8035L 
BUS Outputs: Cl = ISO pF 4. 1 7/is f or 8748 



.>--,,K.TOO-W^A 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 

8748 -55°C to +100°C 

8048/8035L -55".C to +125»C 

Storage Temperature -65*0 to +125*C 

Voltage On Any Pin With Respect 
to Ground -0.5 to +7V 

Power Dissipation 1.5 Watt 



■COMMENT: 

Stresses above itf6se listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress rating 

only and functional operation ol the device at these or any other 
conditions above those indicated In the operationalsectionst^this 
specitication is not implied. ' ^ 



D.C.AND OPERATING CHARACTERISTICS 

Ta= -55 'C to (100 "C M8748/125°C M8048/M8035L), Vcc = Vdd = 



+5V±10%, Vss = OV 





ParaimtarMOflSx '1' 


Limits 


Unit 


Test Conditloas 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage .^;C; ^ 
(All Except RESET, XI, X2)^ . 


- .5 




.7 


V 




V|L1 


Input Low Voltage 
(RESET, XI, X2) 


-.5 




.5 


V 




V|H 


Input High Voltage 

(All Except XTAL1, XTAL 2, RESET) 


2.3 




V - 


V 




V|Hl 


Input High Voltage (REESET, XI, X2) 


3.8 




*cc 


V 




Vni 


Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) 






.45 


V 


lOL = 1.2mA 




Output Low Voltage 
(All Other Outputs) 






.45 


V 


lOL = 0.8mA 


VOH 


Output High Voltage (BUS) 


2.4 






V 


loH^ -240mA 




Output High Voltag» ( 

(RD, WR, PSEN, At:E>"'-'6l .t'n.- 


2.4 






w 




Liifcuijut:- 

»OH2 


Output High Voltage 
(All Other Outputs) 


2.4 










'u a 


Input Leakage Current (T1, INT) 








, 


Vss<Vw«Vcov 




Input Leakage Current 
(P10-P17, P20-P27, EA, SS) 












ko 


Output Leakage Current (BUS, TO) 






iJS_- 


„J*A 






(High Impedance State) 












■do 


Vpo'^i'Wj'fC'urrirtP 




J 16 




mA 




'dd+'cc 


Total Supply Current 




SO 


tm 


mA 






BUS, P1, P2 




6S$ 



NEW HIGH PERFJPBMANCE 
SINGLE COMFOMENT 8-Blt MICROCOMPUTER 



*8049 Mask Programmable ROM 
*8039 External ROM or EPROM, 
* New 11 MHz Operation 



m 8-Bit CPU, ROM, RAM, I/O in ' 

■ iiMgi« sy It 10% Supply I 

w-T.36 /(see Cycle; All Instructions 
1 or 2 Cycles i 

m #ier Hn^slrtietlons: 7d%i:piniie Byte 

■ Hit CsonMiU with ^>4tti74a ' 



f s 



■ 2K X 8 ROM 

128 X 8 RAM 

27 I/O Lines 

■ interval Timer/Event Counter 

■i Easily Expandable Memory and I/O 
M] Compatible with MCS Memory and I/O 

LeiMUiitertiipt : 



The Intel'^ 8049/8039/8039^ is a totally self-sufficler^ 8-blt paialiel computer fabricated on a single silicon chip using 

Intel's N-channel silicon gate MOS process. 

The 8049 contains a 2Kx8 program memory, a 128x8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded 
using standard memories and MCS-SO^^^/MCS-SS^*^ peripherals. The 8039 Is the equivalent to an 804d'witliout.program 
memory. Tlie. 803^ is a lower speed (6 Ml-lz) version of tiie 8039. ' ' 

to redijcede4rtop<Nnt problems to a iTitf|fflum and sro^^ mttttmuro fiexibility, t«p> interehangaabljenpitvcompatible 
versions of this single component miereeofflputer exist: the!8Q49 with factory^pc^ifffrimed vrnaalc ROM program 
memory for low-cost high voiiimvprochicmon, andtlie^M^^'wNhout'program menr)Dry,fp^ use vvith. external prograpi' 
memories In prototype and preproductiorj syBtems. ' " ' i "* ■ ' 

This microprocessor Is designed to be-ai4efMent controller as well as an arithmetic procesi|pr. The 9049 has exten- 
sive bit handling capability as well as ft.cilit|.e8 for both binary and BCD arlthrtietiib; Ifflcientuse memory 
results from an Instruction set cfiwsistinig mostly of single byte instructions and no lnatructi<m:Over two bytes in 
length. , | ' ' Trr • 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DIAGIIAM 




ime. cofmiMTiON assumes m REsroNSiBiLiiy Fon the use of any cikcuitrv othek hmn cmcumiY embodied in an intel phoduct. no other circuit patent licenses are implied. 
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PIN DESCRIPTION 



Pin # Function 



DaiignatiOri Pin # Function 



Vss 
Vdd 

Vcc - 

PROG 

P10-P17 
Port 1 
P20-P27 
Pcft2 



TO 



T1 



20 
26 

-40 

25 

27-34 

21-24 
35-38 



D0-D7 v*2dl,9. 
BUS 



39 



Circuit GND potential 

■I-5V during operation. Low power 

■ standby pin. ' t 

w 

Mairv"power supply; ■I'SV during- 
operatlon. 

Output strobe for 8243 I/O 
expander. 

8-blt quasi-bidirectional port. 

8-blt quasi-bidirectional port. 

P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and sane ^■'i'J^^ ^f^'V^'J^ 

Trtia'bidirectioMt poftAwMfih "cMi ^ 
be wHtten or read ' syhSshfoAously >: 
using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addressed inslruction under the 
icontrol of PSEN. Also cotttaihs the 
"Sddresrand data during an external 
9AM:d9ta store instructi oo, u nder 
control of ALE, RD, and WR. 

Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. 

Input pin testable using the JT1, 
and JNT1 instructions. Can be des- 
ignated the timer /counter input using 
the STRT CNT instruction. 

Interrupt Input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instructton»<P«MM lew) 



RD 



8 



I r 

I I 



RESET ' 



r 



ALE 



PSEN. 



S5 



EA 



XTAL1 



XTAL2 



10 



11 



Output strobe activated during a 
BUS read. Can be used to enable 
data onto the BUS from an external 
device. 

V .vu ,iWwf*«H»,RM*Stro»a^^)iWf«*l 
Data -Memory. (Active low) 

I ' Input which is used to initialize the 
processor. Also used during verifi- 
cation, and power down. (Active 
low) (Non TTL V|h) 

Output strobe during a BUS write. 
(Active low) 

Used 81 write <trobe to ExtarrMl i 

Data Memory. "io 

Address Latch Enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. ! 

Program Store Enable. This output 
occurs only during a fetch to exter- 
nal.grqprjirn memory. (Active lo^l 

' 'L> jSinsie't^ Input can be «is«d in «on- 
' junction with ALE to "single step'| 
the processor through each in- ? 

struction. {Active low) 

External Access input which forces 
' al I ptiog^a m memory fetches to re- 
! 1 ' 'tereAce external memory. Useful 
iDci -for-am(ilation<and debug, and 
""'ejilijHtiaf forie^ing and program 
verification. (Active high) 

One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Not TTL Compatible) 

Other side of crystal input. 



' • I ff :-r.u\. 
■ TtT- .. ,„n,,L 



AnM01SIA4» 
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mStmiCTION SET 

Mnemonic Dstcrlption 



Bytes Cycle 



ADD A, R Add register to l\ 

ADD A, 9R Add data memory to A 
di.4Aa<1b<tnediate to A 
Add register with carry 
Add data memory with carry 
Add immediate with carry 
And register to A 
And data memory to A |. 
And immediate to A 
Or register to A 
Or data memory to A 
Or immediate to A 
Exclusive Or register to Aq , 
Exclusive or data mertiory to A 
Exclusive or immediate to A 
Increment A 
Decrement A : ^■ 
Clear A , . 

SWAP A-^'3'''"* '^fiJlyiilBWeW*' 
.l^ttMAIaft 

Rotate A left through carry 
Rotate A right 
Rotate A right through carry 
fi 



ADDCA.R 
ADDC A. SIR 
ADDC A, #data 
ANL A, R 
ANLA, @R 
ANL A, ffdata 
ORL A, R 
ORL A, @R 
ORL A, #dBta 
XRL A, R 
XRLA, ©R 
XRL A, #data 
INC A 
DEC A 
CLR A 
CPLA' 

SWAP 
BLA 

RLC A 
RR A 
RRC A 



I N A, P 
OUTL P, A 
ANL P, #data 
ORL P, #data 
INS A, pus 
OUTL BUS, A 
ANL BUS,«data 



Input port to A 
Output A to port 
And immediate to port 
Or immediate to port 
Input BUS to A . 

And immediate to BUS 
ORL BUS.#deta Of^MlMM^SriuS 
MOVD A. P ltWet'E4eMlMr!tl6<1 to A 

MOVD P, A Output A to Expander port 

ANLD P, A And A to Expander port 

ORLD P. A 1 ., Qr_A to Expander port 



V 



i INC R 

.5 INC ®R 
fvJJSCR 



Increment register 
Increment data memory 
Decremen!( f^'Sff 



1 

2 
2 
2 
2 
2 
2 

«3 
2 

2 
2 
2 



JMPaddr 


Jump unconditional 


2 


2 


JMPP ®A 


Jump Indirect 


1 


2 


DJNZ R, addr 


Decrement register and skip 


2 


2 


JCaddr 


Jump on Carry - 1 


2 


2 


JNC addr 


Jump on Carry = 


2 


2 


J Z addr 


Jump on A Zero 


2 


2 


JNZ addr 


Jump on A not Zero 


2 


2 


JTOaddr i 


Jump on TO »= 1 


2 


2 


JNTOiddr 


Jump on TO = 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


Jump on T1 = 


2 


2 


JFOaddr 


Jump on FO = 1 


2 


2 


JFl addr 


Jump on Fl =1 


2 


2 


JTF addr 


Jump on timer flag 


2 


2 


JNI addr 


Jump on INT * 


2 


2 


JBb addr 


Jump on Accumulator Bit 


2 


2 



Description 



Bytea Cye^ 



CALL Jump to subroutine 

RET Return 

RETR Retum.f«n;l Mipwalalua 



V ■ 1^' 
CLR C 
CPL C 
CLR FO 
CPL FO 
CLR 
CPL" 



Clear Carry 
Complement Car-'y 
Clear Flag 
Complement Flag 

Complement r fag T 



! ■ £ fli 



MOV A, R Move register to A 1 1 

MOV A, @R Move Jata memory to A 1 1 

MOV A. #data Move imiriediate 19 A 2 2 

Moye A^^ rjsgist^^^ 1 1 

Move A^'to "data memory 1 1 

MOVR,itdata Move immediate tij'^gister 2 2 

MOV (SR. »data Move immediate to data rttemafy 2 > ' 2. 

Move A, PSW Move PSW to A 11 

Move A to PSW 1 1 

Exchange A and register 1 1 

Exi:hange A arvj data memory 1 1 

>'GicttaH0^ nibble of A and register 1 1 

MttnMytms eftimtrMMin) data memory to A 1 2 

'ivlABVli(@Mt>'4'Maii»<A>«B wteFnalitlata memory 1 2 

-, l(iA^yP,^f,^.ju -JVlpveit^A <rom current page 1 2 

., ,MOyP3j^,.@^i^,Mpy>etp AfromP^S 1 2 



MOV R. A ., 

iJiWiR.V 



MOV PSW, A 
XCH A, R 



IttOV A. 1^ ■ ' ' • "Head TiifteryCount* 1 1 

• MOV T, A Load Timar/Coimtar 1 1 

3 STRT T Start Timer 1 1 

O STRT CNT Start Counter 

S STOP TCNT Stop Timer/Counter 

J EN TCNTI Enable Timer/Counter Interrupt 

DISTCNTI Disable Timer/Counter Interrupt 



EN I Enable external interrupt ''^ 

DIS I Disable external interrupt 

SELRBO Select register bank 

SEL RBI Select register banl< 1 

SEL MBO Select memory bank 

SELMB1 Select memory bank 1 

ENTO CLK Enable Clock output on TO 



NOP 



r.-i i)\'f4@.Opersitioi^ . 



1 
1 
1 
1 

rV. 
•\ 
1 



Mnemonlca Gopyright Intel Corporation 1976, 1977. 1978 
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AFN-001S1A-03 



wmaim 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage on Any Pin With 

Respectto Ground -d.SVto+rV 

Power Dissipation 1.5 Watt 



D.C. AND OPERATING CHARACTERISTICS Ta = 0°Cto!70"c, Vcc = Vdq = +5v ±10%, Vss = ov 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
af^et denrHse rellatMty. 



Symbol 



Parametej.__ 



Limits 



Min. 



Typ. 



Max. 



Unit 



Test Conditions 



Input Low Voltage 



-0.5 



0.8 



Input High Voltage 

(All Except XTAL1, XTAL2, RESET) 



2.0 



Vcc 



V1HI 



Input High Voltage (RESET, XI, X2) 



3.8 



Vcc 



Vol 



Output Low Voltage 

(BUS, RD, WR, PSEN, ALE) 



0.45 



loL = 2.0mA 



V0LI 



Output Low Voltage 

(All Other Outputs Except PROG) 



0.45 



loL = 1.6mA 



VoL2 



Output Low Voltage (PROG) 



0.45 



loL = 1.0mA 



VOH 



Output High Voltage 



(BUS, RD.WR, PSEN, ALE) 



2.4 



lOH =-100nA 



V0HI 



Output High Voltage 
(All Other Outputs) 



lOH =-5Q(aiA 



IlL 



input Leakage Current 
(Tl.iNT) 



±10 



ma 



Vss<V|N<Vcc 



lOL 



Output Leakage Current (Btn. 
(High Impedance State) 



±10 



ma 



Vss +0.45 <V IN < Vcc 



Idd 



Power Down Supply Current 



25 



50 



mA 



Ta = 25 C 



■oo+'cc Total Supply CSnrrent' 



Ta = 26 C 



^^^^ .-M:"^, A 

A.C. CHARACTERISTICS Ta = o'cto 70*c, Vcc tVod = +5v ±10% Vjs 



= ov 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions (Note 2) 


III 


ALE Pulse Width 


200 




ns 




tAL 


Address Setup to ALE 


120 




ns 




tLA 


Address Hold from ALE 


80 




ns 




•cc 


Control Pulse Width (PSEN, RD, WR) 


400 




ns 






Data Set:Up Before WR 


420 




ns 




'wD 


Data Hold After WR 


80 




ns 


Gl = 20pF 


*CY 




2.5 


15.0 


MS 


11KM4asXTAL 


Cycle Jitm — . . . ^ 


*DR 


Data Hold 





200 


ns 






PSEN, RD to Data In 




400 


ns 




'aw 


Address Setup to WR 


230 




ns 




*A0 


Address ^tiip to Data In ~ 




600 


ns 




'afc 


Address Float to RD, PSEN 


-40 




ns 





NotM: 1. 8O39.6 specifications are also valid for 8049/8039 operating at SMIHz. 

2. Control Outputs: C|_=:80pF 
BUS Outputs: = 150pF 



AFN-001>tA-04 



elrtt to aMiV1o^« .an^iva't .. "'i' • ' ' '-iv.--' aio^A- vt^todB 



A|,E 



PSEN ^ 



-BWS FLOATJN6 



L 



0-: 



AmO.S = jc.i 



X FLOATING X X FLOATING X " 



INSTRUCTION 



,ivv or-; 



READ FROM EXTERNAL C(ATA MEMORiY 



HO I 



J 



J- 



Ofi 



, FLOATING I 

BOS" FLOATING ^^DDRES^^ FtOATING 



(S. V '..lO I lInU I .»•*« I .niM 



WRITE TO EXTERNAL DATA MEMORY .1 

' sn I I 08 I 



ALE 



m 



J 



_1US . FLOATIi^i 



^ ^^BBBj^SSy FLOATING^ DATA ^ F^OaTtWfe' ' 



4 



AFN-00191A-05 



NEW HIGH PERFORMANCE 

18049/8039 

SliNOfce^CO M R ON EH i MliiipgpWlER 

•8049 Mask Programmable ROM ®^ 
*8039 External ROM^jg^^lg^QI^ , 
*6 MHz Operation 



8-Bit CPU, ROM. RAM, I/O in > T3es» 
Single Package 

Single 5V±10% Supply 

2^ jneec Cycle; All. lii«tnictlon.a ,i // 

1 or 2 Cycles - > 

Owwr 90 instructions: 70% Sli#l iVli 

Pin Compatible with tm^^ 



■ 2K X 8 ROM 
128x8 RAM 

27 I/O Lines 

■ Interval Timer/Event Counter 

■ Easily Expandable Memory and I/O 
rf°Compatible with MCS Memory and I/O 

■ Single Level Interrupt 



The Intel® 18049/8039 is totally self-sulf(cMtt:i8HW pMSMI computer fabricated on a single silicon chip using InM^ 
N-channel silicon gate MOS process. 

The 8049 contains a 2Kx8 program memory, a 128x8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded 
using standard memories and M^f|GF^NII@£i9™;B^,pheralB. The 8039 is the equiya(eiirt-0f an 8049 without program 
memory. ' ' 

To reduce development problems to a minimum and provide maximum flexibility, two Interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8049 with factory-programmed nwsk ROM program 
memory for low-cost high volume production, and the 8039 without program memory for use with external program 
memories in prototype and preproductlon systems. 

This microprocessor Is designed to be an efficient controller as wall as an arithmetic processor. The 8049 has exten- 
sive bit handling capability as well as facilities for botli binary and BCD arlflMnetlc. EffiOient use of program memory 
results from an Instruction set consls|tlng mostly of single byte ihstriactions and no Initructlons over two bytes in 
length. ' i-vj^r-,p:s-' ritj _ :■. ; 



PIN CONFIGURATION 



XTAL 1L 2 

XTAL ZC 3 
RlSfTC 4 

mc 6 

CAE 7 

KdC > 

9 

aleC 11 
o«oC 12 
DB,C 13 

oe,c i« 

MjC 15 
M,C " 

".C » 

BljC W 



18039 
18049 



3 Pa 
Dpie 

]P15 

D"3 
3 "2 

3pii 
Dpio 

2noa 

]P23 
]P2I 

3n> 



LpGIC SYMBOL 

* -S rj*T*r 



BLOCK DIAGRAM 



INTERRUPT 



{: 

JPT ► 



IB039 
18049 



CO-" 



PftOaRAM 
» STORE 
ENAILE 

Aomcn 

•■LATCH 
ENABLE 



»SIT 
CPU 



c 



2048 WORDS 
PROGRAM 
MEMORY 



7^ 



12. 



^2S WORDS 
DATA 
MEMORY 



S-BIT 




TIMER/ 




EVENT COUNTER 





\7 



nriil CORPORATION ASSUMES NO RESPONSIBILITr RM THE USE Of ANY aRCUTRT OTHER THAN CIRCUITRY EM80DIEO IN AN INTEL PROOUCT. NO OTHER ORCUIT ndMr LICENSES ARE IMPUEO. 
MNIEL CORPORATION. 1979 AFN-00737mi 
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18049/8039 



Mil D^RIPTION ^ 

riwig n rtiei^ . P in # Function 



Oengnation Pin # Function 



Vise 
Vcc 
PROG 



P10-P17 

P20.P27 
Ports 



^7 



20 
26 

40 

25 

27-34 

21-24 
35-38 



1 nt-3 r. 



TO 



T1 



Circuit GND potential 

-f€V during operation. Low power 
standby pin. 

Main power supply; +SV during 
operation. ftC 

Output strobe for 8243 I/O 
mpaiidar. - 

8-blt quasl-bidlrectlonal port. " 

8-t^it q^i^si-bidirectippai port. 

P20-P23 contain the four high 
order program counter bits during ' 
an external program nnemory fete)}, 
and serve as a 4-bit I/O expander 
busfo(>8tS^>' l9*9J rfu:n<c f 

True bidirectional port which can 
'ite written w'ltead synchronously ' 
using the RD, WR strobes. The 
port can also be statically latched. 

Contains the 8 low order progrann 
counter bits during an external 
program menx)ry fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instructi on, u nder 
control of ALE, RD, and WR. 

Input pin testable using the con- 
ditiorul transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
jnatr-uetien.-' 



and JNTT instructions. Can be des- 
ignated the timer/counter Input using 
the STRT CNT instruction. 



RD 



8 



if "Via'' 



Output strobe activated during a 
BUS read. Can be used to enable 
data onto the BUS from an external 
device. 



L: 



.8 



Interrupt input. Initiates an inter-, 
rupt if interrupt is'enabled. IntecrJ 
Urupt.i»4iMdaMi af tar ajraset. j^tso 
tasta^ with eonditioqal jump 
instruction. (Active low) 



RESET 



WR 



ALE 



TO 



11 



PSEN 



SS 



EA 



XTAL1 



XTAL2 



Used as a Read Strobe to External 
Data Memory. (Active low) 

.Input'viMi&hAi uaid to initialize the 
processor. Also used during verifi- 
cation, and power dowp. ^ctlve 
low) (Non TIL V|h) * 

Output strobe during a BUS write. ^ 
(Active low) 

Used as write strobe to External 
Data Memory. 

Address Latch Enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 

Program Store Enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 

5 ^, Single step Input ca.n be used In con- 

the processor through each m- 

" " struction. (Active low) 

. 7 External Access input which forces 
all program memory fetches to re- 
ference external memory. Useful 

_ _ for emulation and debug, and 

essential for testing and program 
verification. (Active high) 

One side of crystal input for inter- 
nal oscillator. Also input for exter- 
■nsl source. (Not TTL Compatible) 

Other side of et</^l input. ^'^ 



9 




AFN^»?37-02 



intef 



INSTRUCTION SET 

Mmmonic DMcriplloti 



Bytn Cycl* 



ADD A, R 
ADD A, @R 
ADD A. #data 
ADDC A, R 
ADDC A, @R 
ADDC A, #daU 
ANLA. R 
"ANL A, ®R 
ANL A, #data 
ORL A, R 
ORL A, @R 
ORL A, #data 
XRL A, R 
XRL A. eR 
XRL A. Mats 
INC A 
DEC A 
CLR A 
CPL A 
DA A 
SWAP A 
RL A 
RLCA 
RR A 
RRC A 



Add register to A 1 

Add data memory to A 1 

Add immediate to A 2 

Add register iwith carry 1 

Add data memory with carry i 

Add immadiate with carry 2 

And r^itMr M-A 1' 

AntrdataTnefRofV fSU« T 

And immediate to A 2 

Or register to A 1 

Or data memory to A 1 

Or immediate to A 2 

Exclusive Or register to A 1 

Exclusive or data memory to A 1 

Exclusive or immediate to A 2 



T 
1 

2 



incrament A 
Dacrement A 

Clear A 

Complement A 
Decimal Adjust A 
Swap nibbles of A 
Rotate A left 
Rotate A left through carry 
Rotate A right 
Rotate A right through carry 



-41- 



INA, P 

OUTL P. A 
..AML.e, #data 
I OR L P, Mate 

; INS A, BUS 
; OUTL BUS. A 
; ANL BUS,#data 

ORL BUS, «data 

MOVD A, P 

MOVD P. A 

ANLDP, A 
-JOaLDEVA 



Input port to A 
Output A to port 
Arid immediate xos 
Or immediate to po 
Input BUS to A 
Output A to BUS 
And immediate to BUS 
Or immediate to BUS 
Input Expander port to A ^ 
Output A to Expander poH^ 
And A to Expander port 



XIr'A tnixpand«:,B*0. 



ovr 



i INCR 
S INCeR 
£ DECR 



JMP addr 
JMPP ©A 
OJNZ R. addr 
JC addr 
JNCaddr 
J Z addr 
JNZ addr 
JTO addr 
JNTO addr 
JTl addr 
JNT1 addr 
JFOaddr 
JF1 addr 
JTFaddr 
JNI addr 
JBbaddr 



Jump unconditioriifl ' T" 
Jump indirect 
Decrement register and skip 
Jump on Carry = 1 

-JuiTV onCarry = 

Jump on A Zero 

Jump on A not ZWBT 

Jump on TO = 1 A?J? . 

Jump on TO = 

Jump on T1 = 1 

Jump on T1 = 

Jump on FO = 1 

Jump on F1 = 1 

Jump on time r flag 

Jump on INT = 

Jump on Accumulator Bit 



2 
2 

_2 
2 

2 
2 
2 
2 
2 
2 



Increment register '1 1 

Increment data memory 1 1 

Decrement register 1 1 



.^Mnainonic 



Description 



Bytes Cydas 



.= CALL Jump to subroutine 

I R ET Return 

^ RETR' 0-. Ratum andrettora status 



CLR C 
CPL C 
CLR FO 
CPL FO 
CLR Fl 
CPL Fl 



Clear Carry 
Complement Carry 
Clear Flag 
Complement Flag 
Clear Flag 1 
Complement Flag 1 




Read Timer/Counter 

Load Timer/Counter 

Start Timer 

Start Counter^ 

StOil Tinjuf/Cbunter 

EiwWfrTtmer/Counter Interrupt 

Disable Timer/Counter Interrupt 



MOV A, R Move register to A 

MOV A. @R Move data memory to A 

MOV A, #data Move immediate to A 

MOV R, A Move A to register 

MOV @R, A Move A to data memory 

MOV R, #data Move immediate to register 

§ MOV @R, #data Move immediate to data memory 

I MoveA.PSW MovePSWtoA 

• MOV PSW. A Move A to PSW 

Q XCH A, R Exchange A and register 

XCH A, @R Exchange A and data memory 

XCHO A, @R Exchange nibble of A and register 

MOVX A, @R Move external data memory to A 

MOVX @>R, A Move A to external data memory 

MOVPA, SA Move to A from current page 

M0VP3 A, ©A Move to A from Page 3 



EN I Enable external interrupt^ 1 1 

' tJflSI ' " Oiiibl»-w«tarh*-ii>ter^>)t" = ' ' 1 - ■ -l-^ 

SELRBO Selact register-bank 1 -1- 

SELRBl Select register bank 1 i 1 

SELMBO Select memory bank l>>r..^° 2 V li >'VrJ 

SELMBI Select memory bank 1 1 1 

ENTO-CLK Enable Clock outniK on TO 1 i 



NGP. . _JNl.#ei-itiaf. ' 



Mnemonics copyrinht Intel Corporation 1976, 1977, 1978 
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Ambient Temperature Under §!"«#'* iJ'l -'x-^'C to +85° C 

Storage Temperature , -65°Cto+150°C 

Voltage on Any Pin With 

Respect to Ground -0.5Vto+7V 

F^NntOaaAiMian : , . , L§ Wa"" 



■tiOMMENT: Stnsses above thSi^ms^.undeji'AtlsolU^ - 
Maximum Ratings" may cause permanent damage to ttie 
cWW8e. "fhfe Is a stress rating miy and funetional 
operation of the device 'at these or any other cbnditions 
abbve thdse indicated in the operatlmal sections of this 
spheJflcMon is not implied. FXpiysure to absolute 
m^imurrl^ rating conditions for extended periods may 
aftpct device reiiability. 



D.lc. AI^D OPeRATINQ.'.SI^ACTfi^^lCS - -400c to +8B»c. Vcc " Vqq - «v i lo*,. ys&= ov 



1- i. 
S^miwl 


Parameter^ 


Mmiti , 


Unit 


T«M Conditioiit 


MIn. 


Tw. 


Max. 




Input Low Voltage 


-0.5 


'1 

r . 


0.6 


V 




VlU 


Input Hi^h Volta9e *' •^'''^ ^ ' 

(All Except XTALl, XTAL2, RESET) 


2.2 


t 


Vcc 


V 




»IH1 




3.8 




Vcc 








Output Low Voltage 

(DUO, JJj^i^^.vynj^ rothi, MUCf 






0.45 






V0L1 


Output Low Voltage 

(All Other Outputs Except PROG) 






0.45 


V 


Iql ~ 1-2 ma 


''0L2 


niitniit 1 nw Vnltanp JPRflf^l 








V 


li^i =08 ma 

'OL w.o Ilia 


VoH 


Output High Voltage 

(BUS, RD.WR, PSEN./WJiAsd ^ ,fvi 


2.4 






V 


loH =-BBm 


V0HI 


Output High Voltage '^'^^ ' 
(All Other Outputs) 


2.4 




t 


V 


foH '= -30 ; 


Vl . 
1 


Input Leakage Current 
(T1, INT) 






±10 


ma 


Vss<V|N<Vcc 




Output Leakage Current (Bus.TO) 

(High Impedance State) 

''-^ ^ • ■ ' ^i-' ■ 






±10 


mA 


Vss + 0.45 < V,N «; Vcc 


ibo 

— 1— H 


PowwWMn' Supply €&Fieiw3 ' 

- ai-._-ulr.l — 1 - 'niT MBimC 






50 


mA 


Ta = 26°C ' 


ipD-i-lec 


lsiiLSseB}y.Curfent _ 




<: I 


170"'' 


' mA' 


"li = 25°C 



-40°CtO+85' 



•C, Vcc = Vdo=+5V+10%, Vss = 0V 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Conditions (Note 2) 


III 


ALE Pulse Width 


200 




ns 




tAL 


Address Setup to ALE 


120 




ns 




tLA 


Address Hold from ALE 


80 




ns 




tec 


Control Pulse Width (PSEM, RD, WR) 


400 




ns 




'dw 


Data Set-Up Before WR 


420 




ns 






Data Hold After WR 


80 




ns 


Cl = 20pF: 


tCY 


-1 

Cycle Time 


2.5 


15.0 


IAS 


(6 MHz XTAL fOr' ' 
IO8049) 




Data Hold 





200 


ns 




»w 


PSEN, RO to Data In 




400 


ns 




'aw 


Address Setup to WR 


230 




ns 




tAD 


Address Setup to Data In 




600 


ns 






''*/is<i^^lFloat to RD. ^^iift'""" ' " " 


-40 




hs 





NoM: % tnwa (WAelRoallons ars also valid for 8CMW8039 opwatlng at ainiHz. 

i. Control OalpiitK C|^=aapF 
^ .. BUS Outputs: C|^>1S0pF 



AFN-00737-O4 



inter 



mmmm 



WAVEFORMS 



INSTRUCTION FCT^H flKHH KXtt^linKL PROGRAM MEMORY 



ALE 




BUS FLOATING 



ADDRESS 



FLOAT INS 
INSTRUCTIgM 



READ FROM mERNlliiiWm'MilMltt' 

J 1 



ALE 



J L 




BUS FLOATIN<^ADDRESS^FLOAT|WG^ DATA ^ FLOATING 



AFN-0Q737-05 




AM. ^iMACTERISTICS ' vs}; v -* W 



Ta = -40° C to +85° C, Vcc = Voo = +5V ±10%, Vss = OV 



Symbol 


ParaimlM' 


MIn. 


Max. 


Unit 


Conditions (Note 2) 


*CP 


Port Control Sotup Bafei^ Fatting 
Edge of PROG ' 


115 




ns 




tpc 


Port Control Hold Aftor Falling Edge 
of PROG 


65 




ns 






PROG to Time PZ inpM Must Be Valid 




860 


ns 




top 


Output Data Setup Time 


230 




ns 




tpp 


Output Data Hold Time I 


25 




ns 


■A 


tpF 


input Data Hold Time , 





160 


ns 




tpp 


PROG Pulse Width 


920 




ns 




tpL 


Port 2 i/0 Daia Seiui. i 300 




ns 






Poit2 l/O^Pata Hold' . ^ a I - 




ns 


jt ,v . . 



vf rj 'i'." Air'.' jAHB;T>;Ti V'-; ^ 
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CRYSTAL OSCILLATOR MODE ^'^ TUSMGlc OSCILLATOR MODE 



r 



11 1 

1 
1 

1 — 


1-6MHZ 


C2 i i 


1 

II ! 


3 



C3 



45 20 pF 

120^H 20pF 



OM rs 

v-,aMI ■ 



CI • SpF 1 IkpF > STRAY <! SpF 
C2 = CRYSTAL + STRAY < BpF 
C3 = 20pF ± IpF + STRAY < 5pF 

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 7SU AT aHllHi; LESS 
THAN ma AT3.iMH|., 



;JATX s 




, C « 3Cp|i 
2 

.2 Vsi Uij.K 



Cpr s S - 10 pF Piy-TO'P 
CAPACITANCE 



EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAV CAPACITANCE. 



+ 5V 



:, iif' rt tn9ioii'b-:'-i;-3- vi!':'o: n f^CL>3 'int il eif! 

XTALt 



FOR XTAL 1 AND XTAL 2 D^INE "HIGH" AS VOLTAQES ABOVE 1 SV AND "LOW" 
AS VOLTAQES BELOW LBV. THE DUTY CYCLE REOUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USINQ THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE a04a, XTAL 1 MUST BE HIGH 3MS% OF THE PERIOD AND XTAL 2 MUST 



BE HIGH 35-65% OF THE PERIOD. 

FOR THE 87U. XTAL MUST BE HIOH 45.50% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50.55% OF THE PERIOD. 

RISE AND FALL TIMES MUST NOT EXCEED 20 ni. 



MARCA C JOJ8 



— - ' ' N 


Tim 













■OTA.J - 
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■ 8-Bit CPU, ROM, RAM, I/O in Single 
28'Pin Packase , ' " 

• i^niiisv Sunny (+;^5v'^m,sv) 

H<-> r g g,33 ^^ec Cycle With 3.58 MHz XTAL; 
AH intiMelficms 1 or 2 Cycles 

■ InstructioM— 8048 Subset 

■ High Current Drive Capability — 2 Pins 



IK X 8 ROM 
64 X a RAM 

21 I/O Lines 



Interval 



t/Event Counter ., 



■ Clock Generated Wtth Slnglfrilacfu^OF 
or Crystal ^ ' ' ' 

■ Zero-Cross Detection Capability 

■ Easily Expandable I/O 



The Intel* 8021 is a totally self-sufficient 8<btt pfiffialtBl mmtMl^ fabricated on a single silicon chip using Intel's 1^- 
c^nnel siii«eR gate MOS process. The features M the 8021 flbh^a^ subset of the 8048 optimized for low cost, 
Mlit woMtM) apiiications, plus additional I / O ««Klpffit y a nd p e weif^ T 

The 8021 contains IKXSpro^wm itiemory, a 64 9^ 8 data memory, 21 I/O lines, and an 8-bit timer /event counter, in 
addition to on-board oscillator and (itoctc circuits. For systems that require extra I/O capability, the 8021 can be 
expanded using the 8243 or discrete logic. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results 
from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 

To minimize the development problems and maximize flexibility, an 8021 system can be easily designed using the 
6021 emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 8748 
shipped with the board or an ICE-48 plug. Also, the necessary discrete logic to reproduce the 8CI21's additional I/O 
features Is ir\cluded. . 



PIN CONFIGURATION 




LO@ieSYMVOL 



AOMESS 

- LATCH 

ENABLE 

PORT 

- EXPANDER 
STROBE 



BLOCK DIAGRAM 




[Pl^i(LDIj!fflDIMI^[^ 



ABSOLUTE MAXIMUM RATINGS' 

Ambient Temperature Under Bias 0°C to rCC 

Sto^^ Temperatuirjei ■ . ' ■ • • -65*C ia+lBi*6 

^Itase on -Any PIre wtth- 

RespecModaroimtf . •. \ -O JW 7V 

Power IXssipstton . . ..... >.< TISBW 



'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to ttie device. Ttiis is a 
stress rating only and functional operation of tfie device at tfiese or 
any ott>er conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
raliabiltty. 



D.C. AND OPERATING CM 

Q?C to TO-Oi ^CC = 6-6V ± IV, Vsg ■ OV 





- 1 IJJ 
Parametef 


Limits 


unit 


1 081 i^OnalTIOnS 


Symbol 


Min. 


Typ. 


Max. 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




V iH . 


Input High Voltage (All except XTAL If g>T) 

RESET) ■ ' ' . " - ^ * 


3.0 




vcc 


V 




V|Hi 


Input High Voltage (XTAL 1 &2,Tf 

RESET) 


3.8 




Vcc 


V 




V|H(10%) 


Input high voltage (all excep*; XTAL 1 & 2, 
T1, RESET) 


2.0 




Vcc 


V 


Vcc = 5.0V ± 10% 


V|Hi(10%) 


Input high voltage (CTAL 1 & 2, T1, RESET) 


35 




Vcc 


V 


Vcc = 5.0V ± 10% 


Vol 


Output Low Voltage 






0.45 


V 


lOL = 1 .6 mA 


V0Li 


Output Low Voltage (PIO, P11) 






2.5 


V 


lOL = 7 mA 


VOH 


Output High Voltage (All un|Mgt ^m,Si,lt4r>) 


2.4 






V 


lOH = 40 mA 


Ilo 


Output Leakage Current ''' 
(Open Drain Option — Port 0) 






± 10 


mA 


Vss+0.45<V|N<VCC 


Ice 


Vcc Supply Current 




40 


75 


mA 





T1 ZERO CROSS CHARACTERISTICS 

Ta = 0*Cto70'C.Vcc = 55V ± IV.Vss = OV.Cl = 80pF 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Vzx 


Zero-Cross Detection InpuMiriltabiAVOM 


1 


3 


Vpp 


AC Coupled, C = .2mF 


Azx 


Zero-Cross Accuracy 




+ 135 


mV 


60 Hz Sine Wave 


FZX 


zero-Cross Detedtfon Input Frequency (T1) 


0.05 


1 


kHZ 





' MOM saMiflaVOM I 
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IP[^llLO[jiilOIM/®i[^V 



PIN D^fUPTION 



Designation Pin # Function 



Pin # Function 



Vss 14 



P00-P07 
Port 

P10-P17 
Port 1 

P80-PZ3 

Port 2 

*t 



4-11 



Circuit GNO potential i 

Oiit^ilt> trtVd««'f«M"aS4!3 T/O 
Expander ,M!d..s^ 

8-bit quasi-bidirectional port 



0*03' ■■ 

\,"; 



18-25 8-bit quasi-bidirectional port 

26-27 4-bit quasi-bidirectional port 

1-2 P20-P23 also serve as a 4-bit 
I/O expander bus for 8243 

--13 Input pin testable using the JT1 
_ and JNT1 instructions. Can be 
designated the timer/event 
counter input using the STRT 



4 



XTAL1 



XTAL2 



:Ar. 



CNT instruction. Also allows 
zero-crossover sensing of 
slowly moving inputs. 

17 Input used to initialize the proc- 
essor by clearing status flip- 
flops and setting program 
counters to zero. 

AifMMrefl^-^l^rf nable. Signal 
occurring once every 30 Input 
clocks, jtised as 'an outptit 

clock. r 

1(1 . rr-P"^ side of crystal or inductor 
input for internal oscillator. Also 
input for external source. (Not 

TTL compatible.) 

16 Other side of timing control 
element. -) — 



!NSTRUCTlQli.ifI 



ADD A.Rr Add register to A 
ADD A,@ R Add data memory to A 
ADD A,#data Add immediate to A 
AODC A.Rf. . Add register with carry 
*W>*'*!#*'' — **M«te-i«»mor)n««rf 

ADDC A,<NI««WW<Htnmediale with 

A m Qimiy 

ANL A.Rr ^nd register to A 
ANL A,@ R - And data rnemory to A 
And immediate to A 
Or register to A 
Or data memory to A 
Or immediate to A 
Exclusive Or register 
to A 

Exclusive Or data 
memory to A 
Exclusive Or immediate 

to A 

Increment A 
Decrement A 
Clear A 
Complement A 
Decimal adjust A 
Svrap nibbles of A 
Rotate A left 
~HiiHK^ left through 
carry 
IMMAright 
RetM A FigM through 
earry 



1 



4fW Oll^ado 



1 1 60-61 

2 2 03 

1 1 78-7F 



Hexadecimal 



ANL A,#data 
ORL A.R,. 
ORL A.@ R 
ORL A.#data 
XRL A.Rr 

XRL A,@ R 

XRL A.#data 

INC A 
DEC A 
QL.RA 
e ft- A 
DA A 
SWAP A 
RL A 



13 

58-5F 
50-51 
53 

48-4F 

40-4.1^ _ 
43 

DS-DF 



.iMP-addr- -Jump uncomJIttonal 

JMPP @ A Jump indirect 

DJNZ R,f, addr Decrement register and 

JC addr 

JNC addr 
J2 addr 
JNZ addr 
JT1 addr 
JNT1 addr 
JTF addr 



04,24.44^4; 



Jump on carry=0 
Jump on A zero 
Jump on A not zero 
Jump on Tl = 1 
Jump on T1=0 
Jump on timer flag 



CALL addr 



Jump to subroutine 



1 D0-D1 

2 D3 



a CLR C 

S cpue 



Clear carry 
Complement carry 



' 1 I ".nm 

.J 1 )0Z- 

1 i_ 1 27 . 

1 -^^-^^ 

1 ■£ I J ; 57 

1 1—f4T-- - 

1 ' 1 ' E7f ij 

""-1 r-F7 



I 



77 
67 



IN A, Pp 
1 OUTLPpA 
\ MOVO A,Po 



MOVD Pp.A 



Input port to A 
Output A to port 
litput expatider port 
to A 

Output A to expander 
port 

And A to expander port 
Or A to expander port 



2 OS,Q9,0A 
2 g0.3S.3A 
2 OC-OF 



MOV A.Rr 

MOV A,@ R 
MOV A.adata 
MOV Rf.A 

MOV@ R.A 

, jMOV R,.»data 

! - 

I l«IOV@RJMata 

I XCH^R, 
XCH A.@R 
XCHDA,eR 
MOVP A,@ A 



3C-3F 



9C-9F 
8C-8F 



MdtV^Mfr to A 

Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data rnemory 
Move immediate to 

register _ 
Move immediate to 

data memory 
Exetiange A and 

register 
Exchange A and data 

memory 
Exchange nibble of A 

and ragistar 
Move to A from current 

page 



INCRr 
INC®R 



ki^ransM ragistar 
In^smsat data mamory 



18-1F 
10-11 



MOV A.T 
MOVT.A 
STRT T 
STfrrCNT 
STOP TCNT 



Read timer/counter 
Load timer/ counter 
Start timer 
Start counter 
Stop timar/countar 



2 B3 
2 E8-EF 

2 E6 
2 C6 
2 96 
•> 
46 
2 16 



2 14,34.54.74 
2 83 



97 
A7 



FBfj-'"" ■ 

F0-F1 

23 

A8-AF 
A0-A1 



2 B8-8F 

2 B0-B1 

1 28-2F 

1 20-21 

1 30-31 

2 A3 



42 
62 
55 
45 
65 



NOP 



No oparation 
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SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER ^ 



■ 8-Bit CPU, ROM, RAM, I/O in Single 40-Pin 

Mi'^On-Chip. 4^ Converter; Two input 
Channels 



8 Comparator Inputs (Port 0) 



■ 2K X 8 ROM, 64 X 8 RAM, 28 I/O Lines 

■ 8.38 usee Cycle; All Instructions 1 or 2 
' Cycles 3^'^^ 

■ Instructions— 8048 Subset 



Zero-Cross Detection Capability 



Interval Timer/Event Counter 



Single 5V Supply (4.5V to 6.5V) 
High Current Drive Capability — 2 Pins 
Two Interrupts — External and Timer 



Clock Generated with Single Inductor or 
Crystal 

Easily Expanded I/O 



The Intel® 8022 is the newest memoer of the MCS-48™ family of single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cos.t, high volume applications which involve analog signals, capacltive touchpanel 
keyboards, and/or large ROM space. The 8022 addresses these applications by Integrating many new functions on- 
chip, such as A/D conversion, comparator inputs and zero-cross detection. 

The features of the 8022 include 2K bytes of program memory (ROI^), 64 bytes of data memory (RAM), 28 I / O lines, 
an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacltive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili- 
ty. In addition, it contains the 8-bit interval timer/event counter, on board oscillator and clock circuitry, single 
power supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family. 

The 8622 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability 
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 
instruction set which consists mostly of single byte instructions and has extensive conditional jump and direct table 
lookup capability^ Progcam^msmory usage is further reduce(|| vi^^b^ .§Q22^s^li|^c(l^ac^J^lernentation of the A/D 
converter whichijsfimpMM interfacing to analog signals. or.'gose •.evcs?o-o 'nes: l 



PIN CONFIGURATION 



LOaiC SYMBOL 

»»s 



9d /sin lols 



3, JMSigKJ^flAM 



mc 1 
M» C 2 

AVcct 3 

VmefC « 

AMIC 5 

ANOC e 

*VmC 7 
VthC « 

POO C 10 
pwC " 
mac 12 
huC " 
P04 C « 
TOiC 15 

WC M 
P07C " 
AUC 1« 

nC 19 
Wss C 20 



40 ] Vcc 
30 U P2S 

30 3 P24 

37 3 PROG 
36 J P23 
35 3 P22 
34 3 P21 
33 3 P20 
32 3 P17 

31 3 P" 
30 3 P15 
29 3 P14 
28 3 P" 
27 3 P12 
26 3 P11 
25 3 P10 
24 3 RESET 
23 3 XTAL2 
22 3 XTAL 1 
21 3 SUBST 



REFERENCE" 



PORTO 
- THRESHOLD 
REFERENCE 



00' 



CO"""' 



ADDRESS 
-* LATCH 
ENABLE 



c4ocK 



PORT 
-EXPiUIKfl 
STROBE 



A/D 



MO SIMSTRATE 



204a WORDS 
PROGRAM 
MEMORY 



M WORDS 

DATA 
MEMORY 



8-B(T 
CPU 



77 



1. 



8- BIT 
timer; EVENT 
COUNTER 



DIGITAL 
I/O LINES 



TWO CHANNEL 
8-BIT A/0 
CONVERTER 
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PIN DESCRIPTION 
0osl{HHMl0Q^PIn # Function 



Designation Pin # Function 



Vss 20 Circuit GND ^ ^ 

Vcc + SV circuit power supply. 

I/O expander. 

P00-P07 no\i9ts^7 8-bit open drain port with com- 
Port parator inauts. The switching 

threshold is set externally by 
VjH- Optional pull-up resistors 
may be a(ide#^i!RCnH<ffllksK 
selection. 

^-32 8-bit quasi-bidirecMoiif I pmt. 



Input used to initialize the proc- 
essor by clearing status flip- 
flops and setting the program 
counter to zero. 



Vth 

P10-P17 
PSrW*-*' 

P20-P27 
Port 2 

TO , 



AVss 

AVcc 
SUBST 

Varef 



-no anoiionul vien 



T1 



33-36 8-bit quasi-bidirectional port. 
38-39 P20- ^|j||^f^|||[J|i^|]^''j^ 

8 Interrupt input and input pin 
testable using the conditional 

transfer instructions JTO and , 
JNTO. Initiates an interrupt fol- 
lowing a low level Input if inter- 
rupt Is enabled. Interrupt Is 
disabled after a reset. 

19 Input pin testable using the JT1 
and JNT1 conditional transfer 
instructions. Can be designat- 
ed the timer/event counter in- 
put using the STRT CNT 
"■^ ' ':ii(st.ruction;^A(s;o:Afc:^^,Ad'1li# 



A efti to no(telftemelj^fe^f^(^^fej^^g,^(^|^|eout 
allow zero-crossover sensing 
of slowly moving AC inputs. Op- 
'tional putHup resistor may be 
added via ROiM mask selection. 



7 A/D converter GND Potential. 
Also establishes the lower limit 
of the conversion range. 

3 A/D -f 5V power '^li^)^^!]/^"" ' 

^ Substrate pin used with a by- 
pass capacitor to stabilize the 
yliliC" substrate voltage and (tntpSpva 

A/D accuracy. 

'y^4- A/D converter reference volt- 
age. Establishes the upper limit 

ANO. M^^„.^ tBM^BlB^AmFmf^ 
SoTtware semctabie on-chip 
via SEL ANO and SEL AN1 
instructions. 

^f^AbEbB SS08 errrifloeq^lkMress Latch Enable. Signal 
occurring once every 30 input 
clocks (once every cycle), 
used as an output clock. 

One side of crystal or inductor 
input for Internal oscillator. Also 
input for external frequency 
source. (Not TTL compatible.) 

Other side of timing control ele- 
ment. This pin is not connected 
when an external frequency 
source is used. 



XTAL 1 



XTAL 2 



22 



23 



THE STAND AliMi 8022 



SILVER WCAT* 



r\/\j II- 




Vahef 

AVcc 



suesT 

ANO 
AN1 



PIS 
PIS 
PIT 



P04 

P05 

poe 



[INPUT "1 
AND 
outputJ 



ri t i-r-, 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +180°C 

Voltage on Any Pin with , 

Respect to Ground . . . . . .--O.SV to +7V 

Power Dissipation ..... : j_i-£i.-.g^|g- " 



'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings'" may cuase permanent damage to the device. This is a 
stress rating only and functional operation of tfie device at tfiese or 
any other conditions above those indicated In the operational sec- 
tions of this specification is not implied. Exposure Id absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 

--.1 it;^,. : ii - . I i : - i5>bfi6qy3 

^ iv'.ilsisqO 



D.C, AND OPERATING CHARACTERSTICS 

Oct. I 1 

Ta*"®"^ to zo'C, VCC-5.5V iH¥.-¥^*er- 



Symbol 




Limits 


Unit 


Test Conditions 


Parameter 

1 8.0 1 


Min. 


Typ. 


Max. 


V|L 


— , — ]. - ^ - - 

Input Low Voltage -h i 


-0.5 




0.8 


V 


Vth Floating 


V|L1 


Input Low Voltage (Port 0) 


-0.5 




Vth-0.1 


V 




VW 


High Voltage 

(All except XTAL 1, RESEiT) — ' 


20 




Vcc 


V 


Vcc = 5.0V ± 10% 
Vth Floating 














VlHI 


Input High Voltage 


3.0 




Vcc 


V 


Vcc = 5.5V ± IV 




(All except XTAL 1, RESET) 










Vth Floating 


V|H2 


Input High Voltage (Port 0) 


Vth+0-1 




Vcc 


V 




V|H3 


Input High Voltage (RESET, XTAL 1) 


3.0 




Vcc 


V 


Vcc = 5 0V ± 10% 











.4Vcc 


V 




Vth 


Port Threshold Referene*KBil|SB 






Vol 


Output Low Voltage 






0.45 


V 


lOL = 1.6 mA 


VOLI 


Output Low Voltage (P10, P1 1) 






2.5 


V 


lOL = 7 mA 


VOH 


Output Higti Voltage (All unless Open Drain. 
Option— -Port 0) . - \ 


2.4 






V 


IOH = 50j*A " , 



















InpuLCutiEenJ (11) 






±200 


mA 


Vcc&ViNa^Vss+^SV 




Output Leakage Current (Qpen.Drain 






± 10 


mA 


|S^^a;Vss+0'4SV 


to 


Option— Port 0) 






Ice 


Vcc Supply Current 




SO 


1C» 


mA 





A.C. CHARACTERISTICS 



TA=0°Cto 70°C, Vcc=5.5V ± IV, Vss=OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tCY 


Cycle Time - — — . 


8.38 


50.0 


MS 


3 MHz XTAL=10K8,tCY 


Vzx 












Zero-Cross Detection Input (T1) 


1 


3 


VACpp 


AC Coupled 


Azx 


Zero-Cross Accuraey ^ 




±135 


mV 


60 Hz Sine Wave 


FZX 


2ero-Cross Detection Input Frequency,4T.1) 


0.05 


1 


l(Hz 





&53 



AFfMOtSTA-OS 



Test Condit49n.s: Cj^-M tevp^^^^ 





Symbol 


Parameter 


Min. 


Max. 


Unit 


Notes 




tcp 


Port Control Setup Before Falling Edge of PROG 


0.5 




MS 


— '-^ — tooq«Q>'i 




tpc 


Port Control Hold After Falling Edge of PROG 


0.8 




MS 


f •;)i'ii)i's ;iO nnioq 


Expander 


tPR 


PROG to Time P2 Input Must Be Valid 




1.0 


MS 




Operation 


Idp 


Output Dal a Setup Time 


7.0 




MS 






tPD 


Output Data Hold Time ■ 


8.3 




MS 






tPF 


Input Data HoM Tiifie 





.150 


MS 






^ tPJ?. _ 


PROG Pulse Width 




8.3 




MS 






tpRL 


ALE to Time P2 Input Must Be Valid ^ 




3.6 


MS 




Normal 


tpL 


Output Data Sietup Time ' 1 


0.8 




MS 






Output Data Hold Time 


1.6 




MS 


• .V . lo in!| j,V 




tpFL 


Input Data Hold Time ' ' 









MS 






tLL 


ALE Pulse Width o.S 




3.9 


23.0 


MS 


tcY=8.38 jiiS for 



-PORT2THUING~ 



[A 



y~\. 



POBT - 



POST . 




oor 



^ ^ L at ^O B»qO teeinu HA) ape* - " • o 



JO • 



EXPANDER OPERATION 



/A. 



■V 



aumrr 



• — a,oe j — 



sHu8 . aer ± I 



ALE 
PROG 



ao.o 



PORT \/~ 
CONTROL A . 

_ _ 'CP 



AFN-00187AKM 
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A/D CONVERTER CHARACTERISTICS i : OJP- 1 es' i 

Tx=0°C to 70X, Vcc = 5.5V± 1V, Vss=OV, AVcc= 5.5V± IV, AVss = OV, AVcc/2 < Varef < AVcc 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


Resolution 


8 






Bits 




Absolute Accuracy 








LSB 


(Nftelir 


Sample Setup Before Falling Edge of ALE (tss) 




0.20 




tcY 




Sample Hold After Falling Edge of ALE (tsn) 




0.10 




*CY 




Input C^iacitance (ANO, AN1) 




1 




PF 




ConversMn Time ' vm^nto 

' . nluiluttlPBO ' 1 




■ 


4 


tCY 





ANALOG INPUT TIMING 









r 








ISH 


r 


ANALOG \/ 
INPUT > A 











NOTE: , . „. - 

1. The analog input must be maintained at a constant voltage daring tfle sample time (tss+ tgH). 

- - - - - - - "■ HI- Of T 



P!-Ot 



i.ort mii»eR I TJW 



ca 



C:32U 2H0ITAiV3Ra9A OMA 8JOaMY2 



r iHQni Qolsn.''. •> ,<:.'\v.\ i . a 0I .« 

noieP9io>.H 10 ;-"-t.'rr.u ? j.>: ■: ijBt 



&6e 



INSTRUCTION SET 



ADO A.ffdata 
ADDC A.Rf 
ADDC A,@ R 

ADDC A,#clata 

ANL A,Rr 
ANL A.@ R 
ANL A,#data 
ORL A.Rr 
ORL A,@ R 

^ ORL A, # data 

I XRLA.Rr 

J XRL A,@ R 
I 

- XRLA,#data 



Add 




«3rT8lfl3T0Af?i HO n3Tf)?Vli«C» OVA 

"3^ 



Description 



Cycia 



Add iimrieCjlate, to A 
Add register with carry 
Add data-nlemory 
carry I 
Add imifiSaiaWwHh 
carry 
And register to A 
And data memory to A 
And imm«diatojta'^ 
Or regt8t«f to A 
Or data memory to A 
Or immediate to A 
Exclusive Or register 

- to-A — 

Exclusive Or data 

memory to A 
Exclusive Or immediate 
to A 



, JTPaddr 
jNTOaddr 

JT1 addr 
JNTt addr 
JTF addr 



Jump on TO-1 
Jump on TO^O 

Jump on T1 = 1 
Jump on T1=0 
Jump on timer flag 



2 36 

2 26 

2 56 

2 46 

2 16 



13 

58-5F 
50-51 

.sa -i - 

48-4F 

40-41 
43 

D8-DF 



s CALL addr Jump to subroutine 

? RET-T — mm 



CLR C 

CPL C 



Clear cany 

Complement carry 



2 niwriw. 





INC A 


Increment A 


t 


1 


IT 




DEC A 


Decrement A 


1 


T 


m 1 




CLR A 


Clear A 


1 


1 


27 




CPL A 


Complement A 


1 


1 


37 




DA A 


Decimal adjust A 


1 


1 


57 




SWAP A 


Swap nibbles of A 


1 


1 


47 




RL A 


Rotate A left 


1 


1 


E7 




RLC A 


Rotate A left througtt 


1 


1 


F7 






carry 










RR A 


Rotate A rigtit — 


. 1 


- .1 


-77..^, < 




RRC A 


Rotate A right througli 


1i 


1 








carry 










IN A, Pp 


Input port to A 


1 


2 


08,09,0A 




OUTL Pp,A 


Output A to port 


1 


2 


90,39,3A 


1 


MOVD A,Pp 


Input expander port 


t 


S. 




o 




to A 










MOVD Pp.A 


Output A to expander 


1 


2 


3C-3F 


3 

a. 




port 








c 


ANLD Pp.A 


And A to expander port 


1 


2 


9C-9F 




ORLD Pp,A 


Or A to expander port 


1 


2 




Iters 


INC Rr 


Increment regfieter 


t 


i 




Regis 


INC@R 


Increment data memory 


1 


1 


10-11 




JMP addr 


Jump unconditional 


2 


2 


04,24,44,64, 
















JMPP @ A 


Jump indirect 


1 


2 


B3 


c 


DJNZ R.addr 


Decrement register and 


2 


2 


E8EF 


a 




jump on R not zero 








ffl 


JC addr 


Jump on carry= 1 


2 


2 


F6 




JNC addr 


Jump on carry^O 


.2 


2' 






JZaddr 


Jump on A zero 


2 








JNZaddr 


on A not zero 


2 


2 


98 



MOV A.Rp Move register to A 
MOV A^Pi 

MOVA,#dala MemMmndMeto A 
MOV R„A Move A to register 
MOV'^gi^A Move A to data memory 
MOV Rptfdata Move immediate to 
8 register 
, M^eRJtdMa- Move immediate to 
■ I data me^ipry 

* X(^HA,Rr Excltange A and 
register 

XCH A,@ R Exct^ange A and data 
memory 

XCHD a.@ R Exctiange nibble of A 
and register 
^ - MOVP A.@ A Move to A from current 
page 



2 14,34,54,74 

94,B4,D4,fMk: 
2 83 



1 A7 



MOV A.T 
MOV T.A 
STRT T 
STRT CNT 

STOP Tew 



Read timer/counter 
Load timer /counter 
Start timer 
Stmt eeuRter 
SKt^^mer/GOunter 



mm 



" SEL AMI 



R conversion result 
rto A 

Mdsa Mpot 

zero 

Select analog input one 



Enable external 




Disable external 

interrupt 
Enable timer/counter 
interrupt 

MmMi tkasr/eounter 
Interrupt 

Return from interrupt 



No operation 



1 F8-FF 
-+ — FMH- 
23 

A8-AF 
A0-A1 
B8-BF 



BCHSI 
28-2F 
20-21 
30-31 
A3 



42 

62 « «n 

55 
45 
65 



2 80 
1 86 

1 95 



1 05 

1 16 

1 25 
t 35 

2 93 



I 00 



s¥iMMu mm mBf^vummm mm 



A Accumulator 

addr 1 1-Bit Program Memsry 

ANO, AN1 Analog Input 0, Anateig 

CNT Event Counter 

data 8-Bit Number or Expression 

1 Interrupt 



P Mnemonic for "in-page" Operation 

'Pp Port Designator (P=0, 1, 2 or 4-^ 

Mr Register Designator ir=0-7) 

T Timer 

TO. T1 Test 0, Test 1 

# Immediate Data Prefix 

@ Indirect Address Prefix 
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8243 

MOS-48'* INPUT/OUTPUT EXPANDER 



Low Cost 

Simple Interface to MCS-48"' Micro; 
computers / ,. t 

Four 4-Bit 1/0 Ports 
AND and OR Directly to Ports 



■ 24-Pin DIP /> r- 

■ Single 5V Supply 

■ High Qiitput Drive 

■ Direct Exleiialon^of Resident 8048 I/O 

Ports ' 



The Intel* 8243 is an input/output expander de^ne4sp«cifica|lyjp provi^lfi^lowf^tineans of I/O expansion (or the 
MGS-48'* family of single chip mlcro(:ompulnm.'WMNlllMl in S^ifcjl^ NMOS^<i(|e §2 low cost, single supply 

voltage and high drive current capability. ^ . . ; c. - c -r •■ .:t . 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4<4>%port)wtitBh serves as an Interface to the MCS-48 
microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 b»'UStdifeic|/@ expansion, and also allows 
multiple 8243's to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are 
accessed by their own MOV, ANL, and ORL instructions. 



PIN CONFIQURATION 



;.9 915 ilil'i: 



.W' J "r ■ 




ADDRESS 
DECODI^ 



INPUT 
BUf^FER 



"el eJUT .WlBV ais zta-j; {i.,. 
-^ni i«ia atttos ot noqmM — - 

»vhb sonsbsqml wol srii 
■ ' fsil ovsel IKw no<i v^s 




RESET 
CIRCUIT 



INPUT 
BUFFER 



TP' 



AFN.<iaZ14A-01 



8243 



PIN DESCRIPTIOII 

Symbol Pin No. 



Function 



PROG 



cs 




6 


P20-P23 




11-8 


I j V. tii 






viQQ;.' .- 






£.-c 






? vyo: i. . 






QNO 




12 


P40-P43 




2-5 


P50-P53 




1,23-21 


P60-P63 




20-17 


P7(FP73 







'cc 



24 



Clock Input. A high to low 
transistion on PROG signifies 
that address and control are 
available on P20-P23, and a low 
to high transition signifies that 
data is available on P20-23. 

Chip Select Input. A high ones 
inhibits any change of outpijtoj;;, 
internal status. 

Four (4) bit bi-directional port 
coritainiii tli# adar^ss Am ton-^ 
trol bits on a higtf-'to <low 
transition of PROG. During a 
low to high transition contains 
the data for' a seF^cted output 
port if a WlfFte Bffefation, of We" 
data from a selected port before 
the low to high transition if a 
read operation,,. ; r v t.- p.. 

volt supply. 

Four (4) bit bi-directional i/O 
ports. May be programmed 
to be input (during read), 
low impedance latchetf-tratpur 
(after write) or a tri-state (after 
read). Data on pins P20-23 may 
be dA«^ly Wrtt^i ANDed or 
ORed with previous data. 
+5 volt supply. 



A high to low transition of the PROG line indicates that 
address is present while a low to high transition indicates 
the presence of data. Additional 8243's may be added to 
the 4-bit bus and chip selected using additional output 

Power On Initialization 

Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and port 2 to 
the input mode. The PROG pin may be either high or low 
when power is applied. The first high to low transition of 
PROG causes device to exit power on mode. The power on 
sequence is initiated if Vcc drops below IV. 

P21 P20 Address Code P23 P22 Instruction Code 






Port 4 








Read 


1 


Port 5 





1 


Write 


> 1 


Port 6 


1 





ORLD 


n: a .;3lfnOK'-?| .21Bitl' 


Port 7 


1 


1 


ANLD 



FUNCTIONAL DESCRIPTI ON | v- j 
General Operation ' 

The 8243 contains four 4-bit I/O ports which serve as an 
extension of the on-chip I/O and are addressed as ports 4- 
7. The following 'oper^tio^4-'>^^ lt£tB!!||4rfWd|on these 
ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port.ri — 

• OR Accumulator to Port. 



T 



All communication between the 8048 and the 8243 occurs 
over Port 2 (P20-P23) with timipd'^rovided by an output 
pulse on the PROG pin of thf jS^^s^fcach tratisfef 
consists of two 4-btt mbb)es: l| 

Tfie first c0ntaM|ng;l& coy an#^Ort address and 
the second coniaiiting't^ ^ctuifl #-BIR W WSA. 



Write Modes 

The device has three write modes. MOVD Pi, A directly 
writes new data into the selected port and old data is lost. 
ORLD Pi, A takes new data, OR's it with the old data and 
then writes it to the port. ANLD Pi, A takes new data AND's 
it with the old data and then writes it to the port. Operation 
code and port address are latched from the input port 2on 
■ the high to low transition of the PROG pin. On the low to 
high transition of PROG data on port 2 is transferred to the 
logic block of the specified output port. 
After the logic manipulation is performed, the data is 
latched and outputed. The old data remains latched until 
new valid outputs i«8e«Blered. 

Read Mode 

The device has one read mode. The operation code and 
port address are latched froni the input port 2 on the high 
to low transition of the PROG pin. As soon as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low to high 
transition of the PROG pin. The port (4, 5, 6 or 7) that was 
s6i)S(4S^ is switched to the tri-stated mode while port 2 is 
n-^urned to the input mode. 

Normally, a port will be in an output (write mode) orinput 
(read mode). If modes are changed during operation, the 
first read following a wri|j^ ^puld be ig[^c^«^j all follow- 
ing reads are valid. This Is tb-aUow tti»(H((erhal driver on 
-theiport to settle after the first read instruction removes 
the low Impedance drive from the 8243 output. A read of 
miH' port will leave tfiat port in a high impedance i 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias 0*0 to TO'C 

Storage Temperature -65"C to +1S0°C 

Voltage On Any Pin 

With Respect to Ground -0.5 V to +7V 

Power Dissipation 1 Watt 



'COMMENT: Stresses above those liste^kn^f ''Absolu^i 
MaKirfium Ratings" may cause permaneat 0ssmage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for eAMnded periods may affect device 
reliability. ; 



D.C. AND OPERATING CHARACTERISTICS 

= 0° C to 70° C, Vj.g= 5V 1 0% 



SYMBOL 




MIN. 


TYP. 


MAX. 


UNITS 


TfSTCOMDITIONS 


V|L 


Input Low Voltage 


-0.5 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc+0.5 


V 




VOLI 


Output Low Voltage Ports 4-7 






0.45 


V 


Iql = "l-S mA* 


V0L2 


Output Low Voltage Port 7 






1 , loL = 20 mA 


VOHI 


Output High Voltage Ports 4-7 


2.4 






V 


l0H= 240m A 


llL1 


Input Leakage Ports 4-7 


-10 




20 


ma 


Vin=VcctoOV 


1 IL2 


Input Lealcage Port 2,,CS*?rS§"" 


-10 




10 


ma 


Vin= VcctoOV 


V0L3 


Output Low Voltage Port 2 






.45 


V 


loL= 0.6 mA 


Ice 


Vcc Supply Current 




10 


20 


mA 




VoH2 


Output Voltage Port 2 


2.4 








l0H= lOOjiA 


lOL 


Sum of all IGl from 16 Outputs 






72 


mA 


4.5 mA Each Pin 


*See following graph for additional sink current capability 
A.C. CHARACTERISTICS 

T;^ = 0°C to 70°C, Vj,j,= 5V 10% 


SYMBOL 


PARAMETER 


MIN. 


MAX, 


UNITS, 


TEST CONDITIONS 


tA~' 


Code Valid Before PHbS^' ' ' 


iSi) 




ns 


80 pPT-bad 


tB 


Code Valid After PRQG 


60 




ns 


20 pF Load 


tc 


Data Valid Before PROG 


200 




ns 


80 pF Load 


Id 


Data Valid After PROG 


20 




ns 


20 pF Load 


'H 


Floating After PROG 





150 


ns 


20 pF Load 


tK 


PROG Negative Pulse Widti 


700 




ns 




tcs 


CS Valid Before/After PROG 


50 




ns 




tpo 


Ports 4-7 Valid After PROG 




700 


ns 


lOOpF Load 


tLPl 


Ports 4-7 Valid Before/After PROG 


100 




ns 




tACC 


Port 2 Valid After PROG 




650 


ns 


80 pF Load 




0.4S 



6-59 
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9m 



WAVEFOflMS 



■i.JO£.6>\ 



Pqi|TS 4-7 



\ 



A 



X INSTRUCTION X FLOAT X B*** X 

-A A A A 



X 



tcs -•- 



\ 




OUTPUT 
VALID 



X 



PREVIOUS OUTPUT VALID^ 



INPUT VALID 



X 



OUTPUT 
VALID 



X 



.,-1 ■ 
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Sink Capability 

The 8243 can sink 5 mA@.45V on each of its 16 I/O lines 
simultaneously. If, however, all lines are not sinking 
simultaneously or all lines are not fully iMded, the drive 
capability of any individual line increisie^as Is shown by 
the accompanying curve. 



Example: This example shows how the use of the 20 
mA sink capability of Port 7 affects the sinlt- 
ing capability of the other I/O lines. 

An 8243 will drilv^ the following loads simul- 
taneously. ' 



For example, if only 5 of the 16 lines are to sink current 
at one time, the curve shows that each of those 5 lines is 
capable of sinking 9 mA@.45V (if any lines are to sink 
9 mA the totdl Iql (nust not ex^^-i^i^A or five 9 mA,- 
loads). 

Example: How many pins can drive 5 TTL loads (1.6 mA) 
assuming remaining pins -are-unloaded? 

1 

Iql = 5 X 1.6 mA = 8 mA 
£loL = 60 mA from curve 
# pins = 60 mA * 8 mA/ptns= 7.|a 7 



In this case, 7 lines can sink 8 mA for a total 
of 56 mA. This leaves 4 mA sink current capa- 
bility which can be diwlctedlin ^ way among 
the remaining 8 I/O lines of tbiei 8243. 



2 loads — 20 mA® TV (port 7 only) 

8 loads — 4 mA@.45V 

6 loads — 3.2 mA@.45V 

Is this within the specified iimils? 



£loL=( 2 X 20)-K8 X 4) + (6 X 3.2) = 91.2 mA. 
From the curve: for loi.= 4 mA,jtloL = 93 mA 
since 91.2 mA < 93 ilik the' ti^fe are witliinj 
specified limits. ~~ ' ~ 



Although the 20 mA@1V loads are used in 
calculating tloL. it is the largest current re- 
quired® .45V which determines ttie maximum 
allowable cIol- 



Note: A 10 to SOKn pullup resistor to -t-SV should be added to 8243 outputs when driving to 5V OMC^ directly. 
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EXPANDER INTERFACE 



8048 



c 





P4 


PBOG 


PS 


8243 


P6 


DATA IN 

n 


P7 



r I. f - 



OUTPUT EXPANDER TIMING , , 



BITS 3.2 BITS 1.0 

OOn READ 00-] 

01 L WRITE 01 L PORT 

10 r on 10 r ADDRESS 



ADDft^ (4-B(rSI DATA I4-BIT5I 

111- 





CO 
CI= 



PROG P20-3 

7^ 



PROG P20-3 



PROG P20-3 



PROG P20-3 



I^Sipig MULTIPLE 8243's 



; 1 <6w ijns ni tiabi»ih 
C*S8"«1J to 88041 



&-§2 AFN-aQ214lMl» 



iDBm 

MCS-48''' INPUT/OUTPUT EXPANDER 



-40°C to +85°C OpecHion 
Low Cost 



m simple Interface to MG^-iST" Micro- 
computers 

■ Four 4-Bit I/O Ports 

■ AND and Oft Directly to Ports 



■ 24-Pin DIP 

■ Single 5V Supply 

■ High Output Drive 

■ Direct Extension of Resident 8048 I/O 
' Portis -■- '.- 



The Intel* 8243 is an input/output expander deslgged specifically to provide a low cost means of I/O expansion for the 
MCS-AS" family of single chip mlcrdbomputers. Fabricated in 5 volts NMOSt thef'8243iCombines low cost, single supply 
voltage and high drive current capability. 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to the MCS-48 
microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and also allows 
multiple 8243's to be added to the same bus. 

The I/O ports of tlie 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are 
accessed £>y their own MbV, ANL, and ORL instructions. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




rp 



ADDRESS 
DECODER 




LATCH 



IWUT 
BUFFE^R 



4 > POIIT4 



a 



2 



12. 



AND/OR 
LOGIC 



RESET 
CIROJIT 



INPUT 
BUFFER 



0> 



4 > PORT 5 



U2 



> 



INPUT f 
I BUFFER J\ 





INPUT 
BUFFER 



a 
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KHUU 



cs 

P20-P23 
O < 



11-8 



GND 



PSe-f>53 
P60-P63 



Vcc 



12 

2-5 
1,23-21 
20-17 
13-16 



24 



Clock Input. A high to low 
transistion on PROG signifies 
that address and control are 
available on P20-P23, and a low 
to high transition signifies that 
data is available on P20-23. 

Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 

Four (4) bit bi-directional port 
contains the address and con- 
trol bits on a high to low 
transition of PROG. During a 
low to high transition contains 
the data for a selected output 
port if a write operation, or the 
data from a selected port before 
the low to high transition it a 
read operation. 

volt supply. 

Four (4),^. b|^ii;ectional I/O 
ports. May be programmed 
to be input (during read), 
low impedaaceJatched output 
(after write) or a tri-state (after 
read). Data on pins P20-23 may 
be dire<^ly vrrittsn, ANDed or 
ORed with previous data. 
+5 volt supply. 



the 4-bit bus and chip selected using additional output 
lines frorn the 8048/8748/8035. - 

Power On Initialization 

Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and port 2 to 
the input mode. The PROG pin may be either high or low 
when power is applied. The first high to low transition of 
PROG causes device to exit power on mode. The power on 
sequence is initiated if Wqq drops belcw|^H.><:;p ' Qti 

P21 P20 Address Code P23 P22 Instruction Code 



FUNCTIONAL DESCRIPTION 
General Operatioh — 

The 8243 contains four 4-bit I/O ports which serve as an 
extension of the on-chip I/O and are addressed as ports 4- 
7. The followir^ope^ations may ibft pBir*<S)U»ned on these 
ports: ' j 1 1 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. [ ' 

• AND Accumulator to Port. - — , 

• OR Accumulator to Port. 

All communication between the 8048 and the 8243 occurs 
over Port 2 (P20-P23) with timing provided by an output 
pulse on the PROG pin of the processqr.'''Each transfer 
consists of two 4-bit nibbles: 

The first containing the "op code" and port address and 
the second containing the actual 4-bit3 of data. 





1 

1 

1 1 



Port 4 
Port 5 
Port 6 
Port 7 



Read 
Write 
ORLD 
ANLP 



Write Modes 

■The device has three write mod#jS.?M€WD Pi, A directly 
' Mmmit data into the se?)ei^^m'ktta^l#tdata is lost. 

ORLD PI,A taKes new data, OR'g it 'Wifh'tli&*t2il^ da(a<dn>j 
, ithen writes it to the port. ANLD Pi,A takes new data ANO's 

it with the old data and then writes it to the port. Operation 

code and port address are latched from thAinput port 2 on 
-^ths«lft%rh- to low tr-ansition of th94^^^iH>iA*-®*^t*<®-'<>w *o 

higii transition of PROG data on port a Is trtmfariwatettiet 

losfie blocic of the specified output pott. 

After the logic manipll)atiorr'%'@^@(<l^!^he data is 
latched and outputed. The old data remains latched until 

new valid outputs are entered. 

Read Mode 

The device has one read mode. '^9-operation code and 
port address are latched fromihe input poftS'on the high 
to low transition of the PROG pin. As i$6n as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low to high 
transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selepl^d is switched to the tri-stated mode while port 2 is 
returried to the input mode. 

Nontially, a port will be in an output (write mode) orinput 
(read mode). If modes are changed during operation, the 
first read following a write^fiould be ignpred; all follow- 
ing reads are valid. This isWailow the^xternal driver on 
— tllg^rt to settle after the first read instruction removes 
the low Impedance drive from the 8243 output. A read of 
any port will leave that port in a high impedance state. 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias -40° C to +85° C 

Storage Temperature ^'G to +150° C 

Voltegj On Any Pin 

With Respect to Ground -0.5 V to +7V 

Power Dissipation i Watt 



D.C. AND OPERATING CHARACTERISTICS 

Ty^ = -40° C to +85° C, Vjjj,= 5V 10% - 



'COMMENT: Stresses above those tiste$^^f^"Abspltits 
Maximum Ratings" may cause, pemfi^mt tkmage to the 
device. This is a stress rating onHy aifd fimEtmnal opera- 
tion of the device at these or any other emditlons above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

.J 



SYMBOL 




MIN. 


TYP. 


MAX. 


UNITS 


^ |61T GQWITIONS 


V|L 


in put Lo w Atoge " 


-0.5 




0.8 


V 


A • 


V|H 


Input High Voltage 


2.0 




Vcc+0.5 


V 




Vou 


Output Low Voltage Ports 4-7 






0.45 


V 


\0L~ 4.5 mA* 


Vols 


Output Low Voltage Port 7 






1 


V 


loL = 20 mA 


VOHI 


Output High Voltage Ports 4-7 


2.4 






V 


l0H= 240m A 


I|L1 


Input Leakage Ports 4-7 


-10 




20 


ka 


Vin=Vcc to OV 


1 IL2 


Input Leakage Port 2, CS, PROG 


-10 




10 


ma 


Vin=Vcc to OV 


Vo|.3 


Output Low Voltage Poi't 2 






.45 


V 


\ 0]_=' BM'tTiA 


Ice 


Vcc Supply Current 




10 


20 


mA 




VoH2 


Output Voltage Port 2 


2.4 








l0H= 100/jA 


'OL 


Sum of all IOl from 16 Outputs 






80 


mA 


4.5 mA Each Pin 



"See following graph for additional sink current capability 

A.C. CMAflACTEfliSTICS- - 

T^ = -40°Cto+85°C, Vj,g=5V tO%™~ 



SYIVIBOL 


PARAMETER 


MIN, 


MAX. 


UNLTS 


TEST CONDtTIONS 


tA 


Co'de Valid Before pfeR' " 


"tm 




ns 


80 pF Load 


tB 


Code Valid After prfDQ 


60 




ns 


20 pF Load 


tc 


Data Valid Before PROG 


200 




ns 


80 pF Load 


to 


Data Valid After PROG 


20 




ns 


20 pF Load 


tH 


Floating After PROG 





150 


ns . 


20 pF Load 


tK 


PROG IMegative Pulse Width 






■" "ris 




tcs 


CS Valid Before/After PROG 


50 




ns 




tpo 


Poets 4-7 Valid After PROG 




700 


ns 


100 pF Load 


tLPI 


Ports 4-7 Valid Before/After PROG 


100 




ns 




tACC 


Port 2 Valid After PROG 




650 


ns 


80 pF Load 




0.45 
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Sink Capability 

The 8243 can sink 5 mA@.45\/ on each of its 16 I/O lines 
simultaneously. If, however, all..ljQas.-i|re not sinl<ing ; 
simultaneously or all fines are not Wjlly loaded, the drive 
capability of any individual line Increases as is shown by 
the accompanying curve. j 

.Via 1 c«t j 

For example. If on^ 5 of the 16 lines arMto sinl< current 
at one time, the cutve shows that each onth'ose 5 lines is 
capable of sinkings mA@.45V (if any Ifies are to sink 
9 jaA Uje total -JgLViust not exoiMd^^TfiA'or five 9 mA 

Example: Hbw rfiany pins can drive 5 TTL loads (1 .6 mA> 
aSsunring-remainrng pins are untoaded? 



loL= 5 X 1.6 mA = 8 mA^- - 
£loL = 60 mA from curve 
# pins = 60 mA-f-8 mA/pin = 



Example: This example shows how the use of the 20 
— - mA sfnk capability of Port 7 affects the sink- 
ing capability of the other I/O lines. 

■^r^->n 8243 will'dlli^ tfce foHosiijii^ slmul- 



■■. — y 



'I ineously 



7.5 = 7 



2 loads — 20 mA® IV (pprt'?'^ 
8 loads — 4 mA@.45V 
, 6 loads — 3.2 tnA@.45V 
Is this within th^ specified linTijts? 



£loL=( ? X 20) + (8 X 4) + (6 X 3.2) = 91.2 mA. 
From the burve: for Iol= 4 mA, tIpL = 93 mA 
"Stnoe 9T.2 mA < 93 «tlfiS»Mlfe'^re withi| 
specified limits. !, . .. ,._, .. ; 



In this case, 7 lines can sink 8 mA for a totaf 
of 56 mA. This leaves 4 rr\A sink current capa- 
bility which can be divided in any way among 
the remaining 8 I/O lines of the''&243. 



Although the 20 mA@1V- load® are..ug9(J -jjl 
calculating eIol. it is the largest current re- 
quired®. 45V which deteriBl(i(6®|he maximum 
allowable « lot- 



Note: A 10 to 50Kn pullup resistor to +5V should be added to 8243 outputs when driving to 5V CIVIOS directly. 
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EXPANDER INTERFACE 



6048 



DATA IN 
P2 



c.iiT,iAfi >mr^ — V 



■..•11 r - 



J, 



OUTPUT EXPANDER TIMING 



BITS 3.2 BITS 1,0 



oon 

01 L PORT 
10 1 AODRE 



00"! READ 00^ 
01 L WRITE 

10 r OR 10 r ADDRESS 



ADDRESS (Uml DATA I4 BITSI 











— s ■■ 


<^ 




8243 




8243 




8243 




8243 








<pi> 




CO 




PRO'3 P20-3 . 




PROG P20-3 4 




PROG P20-3 ■* 




PftOG P20-3 



I .-1 0.' - 1 



Oi^liafMULTflPlE 8243't 

9' 't'*?.- 



,»r/.rnr 



^. , 'IE. ... ostiivib t- J ni.;> r: 
iJP 5.T to aertl 0« b cr.: , 



intel 



8355V8355-2** 

16,384-BIT ROM WITH I/O 
^Directly Compatible with 8085A CPU 
**D|rectiy Compatible vllth 808&A-2 



■ 2048 Words x 8 Bits 

■ Single +,sy Power Si^fn^jy 
wintemal Addfees Latch 



■ Each I/O Port Line Individually 
Programmable as Input or Output 



MultiMl^sJ^.'Aildrff 8 arid Data Bue 

r,- ' j i jiM*^ Von Ob VrtT ;-..«itr.. fiiqr 



■ -2 General Purpose 8-Bii^|p Ports 



■ 40»Pin DIP 



MA 



■.■ . . ir.vj,-, 1' .-.I-' 

The Intel* 8353 Is a ROM and l/0'dnl|IIS> be used in the MCS-S5" microcomputer system^ The ROM pmition Is organized as 
2O40i^rds by 8 bits. It has a maxirntim access time of 400 nsi te permit utse with no walt-:^es in tbe 80BSA CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each ^^^"i^asS pc^ llnfs, and each I/O |)Qrt line Is Indivdu- 
ally i^rogrammable as input or outpuL .... 

TlMs,|^S-2 has a SOOns access time ^r compatibility with the 8085A-2 rnicroprocessor. . ,,) >i 



PIN CONFIGURATION 
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BLOCK DIAGRAM 



cEjC 

CLK C 
RESET C 
N.C. (MOT CONNECTEDI C 
RE*OVC 

n/RC 
mc 

RSC 
iowC 

aleC 

AD„i: 

AO, C 
ADjC 
AOjC 

AD, i: 

ADjC 
AO,C 
AD,C 



■3B5/S355.2 " 



3Vcc 

3», 
:pb. 

3 PA, 

3 PA. 

3pAj 
DpAj 

IPA, 

>\ 

3a, 
3a. 



lO/M- 

ale- 

m- 

iiStf- 
reset- 
iSS- 



2K X 8 

ROM 



'Bo-, 



r 



v_ levi 



ma conuim usiks m HESPOiBnuiv fod m use of lun ncuniT othed thw catcunv EMBomi m m Mm. noojci. no oiki cacun patent lkekes we mpued. 
einacanMnM.un 



ADo-7 
(Input) 



I Input I 

CEi 
CE2 
I Input I 

SB C>=> I" 



lO/M 

ritiputi 



imputi 



low 

I Input I 



enter address latched. The 
lAD, lO/M, A8-10, CE, CE are latched 
in at the trailing edge ol ^LE. 

Bidirectional Address/Xl^ata bus. The. 
lower 8-bits of the ROh^ Or I/O address 
are applied to the bus- lines when ALE 
is high. 

During an I/O cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or iOR is low when the latched 
chip enables are active, the output 
buffers present data on the bus. 

These are the high order bits of the ROM 
address. They do not affect I/O oper- 
ations. 

Chip Enable Inputs: CEi is active low 
and CE2 is active hi^h. The 8355 can be 
accessed only when BOTH Chip En- 
ables are active at the time the ALE 
signal latches them up. If either Chip 
Enable input is not active, the AD0-7 
and READY outputs will be in a high 
impedance state. 

If the latched lO/M is high when RD Is 
low, the output data comes from an 
I/O port. If it is Iqw the output data 
comes from the 

If the latched Chip Enables are active 
when RD goes low, the AD0-7 output 
buffers are enabled and output either 
the selected ROM lo catio n or I/O port. 
When both RD and IOR are high, the 
ADo-7 output buffers are 3-state. 

If the latc hed Chip Enables are active, 
a low on low causes the output port 
pointed to by the latched value of ADo • 
to be v»rltten wjth the data on AD3-7. 
The state of lO/M is ignored. 



8355/8355-2 

signals 



READY 

lOutputi 



PAo-7 

I Input/ 
Output! 



PBo-7 
' Input/ 
Output I 

RESET 

' Wfi 

(Input) 



Vcc 
Vss 



has been forced low by CE low, CE 
high and ALE high. 

Ready is a 3-state output controtlod by 
CEi, Cfe, ALE and CLK. REASV is 
forced low when the Chip Enables are 
active during the time ALE is high, and 
riemains low until the rising edge Of th6 
next CLK (see Figure 6). 

These are general purpdsfe lM*%il». 
Their input/output direction 'is deter- 
mine4J>j^ tj|g^6pn.^ii|^^DqlaJM|^to 
Regisler (DDm).' Port 'A is &k^m for 
write operations when the Chip Enables 
are active and lOW is low and a was 
previously latched from ADo 

Read operation is selected by either 
IOR low and active Chip Enables and 
ADo low, or lO/M high, RD low, active 
chip enables, and ADo low. 

This general purpose I/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADo. 

An input high on RESET causes all pins 
In Port A and B to assume input mode. 

Wh en t he Chip Enables are active, a low 
Witi >IOR wHUom/^dt^ Bftlected I/O port 
onto the AD bus. lOn low performs ttie 
same function as the co mbin ation lO/M 
high and RD low. When IOR is not used 
In a sys^i^ J OR should be tied to Vco 

+5 volt supply. 
Groun^^ ROference. , 

(.'. rjit Vj'- 



..'•'rj « 



i air 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias CCto+TCC 

Storage Temperature -65°Cto +150''C 

Voltage on Any Pin 

With Respect to Ground -0.5V to +7V 

Power Dissipation 1,5W 



D.C. CHARACTERISTICS (Ta = o°c to vo c, Vcc = 5V ± 5% 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operSi^al sections of this specifi- 
cation is not implied. Bxfimure to absolute maximum 
rating conditions for extencteApenods may affect device 
reliability. * 



V 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 


Vcc = 50V 


V|H 


Input High Voltage 


2.0 


Vcc +0.5 


V 


Vcc = 5.0V 1 


Vol 


Output Low Voltage 




0.45 


V 


lOL = 2mA 




Output High Voltage 


2.4 




V 


lOH = -MjilA 


"flL 


Input Leakage 




"10 


pA 


V|N - Vcc *«> W 


Ilo 


Output Leakage Current 




+10 


ma 


0.45V <VouT <Vec 


Ice 


Vcc Supply Current 




180 


mA 





A.G. CHARACTERISTICS <Ta = o°c to 70°c; Vcc = 5V ± 5%) 



Symbol 


PariniAter 

■ X,,, — • :v:i^- - 


8355 


8355-2 
(Preliminary) 




MIn. 


Max. 


Min. 


Max. 


Units 


tCVG 


Clock' "ey de flme'— — ^ ~ 


320 




320 




ns 


Ti 


CLK Pulse Width 


80 




80 




ns 


T2 


CLK Pulse Width 


120 




120 




ns 


tf.tr 


cOT R ise and PalTf ittA ' ' " 




30 




30 


ns 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after Latch 


80 




30 




ns 


tLC 


Latch to READ/WRITE Control 


100 




40 






tRD 


Valid Data Out Delay from READ Control 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid 














400 




330 


ns 


tlL' 


Latch Enable Width 


100 




70 




n's 


tRDF 


Data Bus Float after READ 





100 





85 


ns 


tCL 


READ/WRITE Control to Latch Enable 


20 




10 






tec 


R€AD/WRITE Carttrol Wrdth- 


-250 




200 




ns 


tow 


Data In to Write Set Up Time 


150 




150 




ns 


two 


Data In Hold Time After WRITE 


10 




10 




ns - 






tWP 


WRITE to Port Output 








400 


ns 


tPR 


Port Input Set Up Time 


50 




50 




ns 


tpp 


Port Input Hold Time 


50 




50 




ns 


tRYH 


READY MOLD Time 





160 





160 


ns 


tARY 


ADDRESS (CE) to READY 




160 




160 


ns 


tRV 


Recovery Time Between Controls 


300 




200 




ns 


tRDE 


READ Control to Data Bus En^. ,i„ 


10 




10 




ns 



Note: Cload = 150pF 



®-?1 




■r-' 0! ve 0- 
-0 0^ o: : 



Hgura l. Clock SpMHIealion for 83SS' 











e.o- 




i o.s 




- • -• \ ; — 





rRntivv 



H|V 



*t.io 

ma 



|CE,M>-CE2-1I 



c-0 



-«" 



-«)*> Wf- 



Jnoviij.) ill,,. .1 ' . 
- W- - -Tr--=>- 



.'it 



\ 
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Flgara2. ROMf^ antf I/O RMd and Wttt* 
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a. Input Mode 



b. Output Mod« 



RDOR 

fcjfi 



V / 



TORT 
INPUT 



DATA* 
BUS 



13: 



\ / 



PORT 

OUTPUT -i 



GLITCH FREE 
' OUTPUT 



■:::::x 



DATA* 
BUS 

•DATA BUS TIMING IS SHOWN IN FIGURE 4. [ . 



X 



13 



Figure 3. I/O Port Timing 



|qE,-vSE,-0l 




^ — 



Figure 4. Wait State Timing (READY = 0) 
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8755A ^ 
16^4-BIT EPR OM lit l'lt 110 
» Dirediry Compatible with (^^AC^ 



■ 2048 Words x 8 Bits 

■ Single + 5V Power Supply (Vcc) 

■ U.V. Erasable and Electrically 
Reprogrammable 

■ Internal Address Latch / 



■ 2 General Purpose 8-Bit I/O Ports 

■ Each I/O Port Line Individually <t 
Programmable as input or Output 

■ Multiplexed Address and Data Bus 

jUIOrPln Dlf _ _ - 



The Intel® 8755 A is an erasable and electrically reprogrammable ROM I EPROM I and I/O chip to be used in the MCS-85'" 
microcomputer system. The EPROM portion is organized as 2048 wcH^ds'bySSHs'n' has a maximum access timeoflMMns 
to permit use with no wait states in an 8085A CPU. ' ^ ii.v, j^^ ?. : , Mt. ,• 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port hasSpQ^TIheit, and ^ch I/O port line is individu- 
ally programmable as input or output. 



PIN CONFIGURATION 




READY 

AtV-' 



'8- to (_ 



CEi- 
lO/M- 
AtE- 

rB- 
iSH- 

RESET- 

ioR- 



BUOCK DIAGRAM / 



\ »J3 



1 



PROG/CE, 



2K X 8 
EPROM 



Vj5 (OVI 



■m coMnnw issuB n 
eHnEiooMniai,Mn 



Foa IK USE or iMT OMinn (ma iHJW wcuTRv [leooiED n M Hia nm^ 
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8755A FUNCTIONAL PIMrjiMNITION 



Symbol 

(input) 



ADo-7 

(iflput/output ) 



Function 



As-IO 

(input) 

prog/ceT 

CE2 
(input) 



lO/M 
(influtt 



low J 

(IPl'POTJtf' 



CLK I 



When Addre^toWl iEnable toes 
high, ADo^7, tO/5M. jAs^io, CE2, and 
CEi enter the address latches. The 
signals (AD, IO/M,'A8-io, CEi are 
latched in at the trailing edge of ALE. 

Bidirectional Address/Data bus. The 
lower 8-bits of the PROIVI or I/O 
address are applied to the bus lines- 
when ALE is high. 

During an I/O cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or ICiR is low when the 
latched Chip Enables are active, the 
output buffers present data on the 
bus. 

These are the high order bits of the 
PROM address. They do not affect 
I/O operations. 

Chip Enable Inputs: CEi is active low 
and CE2 is active high. The 8755A 
can be accessed only when BOTH 
Chip Enables are active at the time 
the ALE signal latches them up. If 
either Chip Enable input is notactive, 
the ADo-7 and READY outputs will 
be in a high impe^dance state. CEi is 
also used as a programming pin. iSee 
section on programming 

If the latched lO/M is high when RD 
is low, the output data comes from 
an I/O port. If it is lomthe output data 
comes from the PROiit 

If the latched Chip Erwbtesare active 
when RD goes low, th%'ADo-7 output 
buffers are enabled atf<i output either 
the selected PROM l&cation or I/O 
port.WheabotliRDsiWcl lOR are high, 
ittte ADo-7 outouilut^Ssare 3-stated 

'If the latc hed C hip' Effabfiesare active 
a low on lOVV^'i^fiiserttte output port 
pomteti to bj' latched value of 
•ADo to be WTrtten withjhe data on 
ADo-7. The state of lO/M is ignored. 

The CLK IS used to force the READY 
into Its high impedance state after it 
has been forced low by CEi low. CE2 
high, and ALE high. 



Symbol 

I^EADY 

foijtputi 



PAo-7 

linput/output 1 

Ivt'j i9/C 133.-, 



PBo-7 

(input/output) 



RESET 

(input.l,,,-,, 



ICR 

(ijripu^l . , .. 

rr.u'nmi.-^.. 



Vcc 
Vss 



Function . • ;.. : 

READY is£'3-state output cOntrdHfetf- 
by CE2, CEi, ALE and CLK. READ-y' 
is fdr-ced low when the Chip EhSbleis 
are active during the time ALE is high',' 
and remains low until the rising edge- 
of the next CLK. iSee Figure 6.1 

These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data Direc- 
tion Register i DDR 1. Port A is selected 
for write operations wh en th e Chip. 
Enables are aettye and lOW is low_ 
arid a waS'p^i&QSfy lafehied'"f rfe'iri 
ADo, ADi. 

Read operation is selected by either 
lOR low and active Chip Enables and 
ADo and ADi low, or lO/M high, RD 
low. active Chip Enables, and ADo 
and ADi low. 

This general purpose I/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADo and 
a from ADi. 

In normal operation, an input high on 
RESET causes all pins in Ports A arii^ 
. 8 to assume i:np|ttt;[poClje (cl^^r-PD'^* 
i register). ■ " 

When the Chip Enables are active, a 
.; , low on lOR will output the selected 
, ,^ -.1/0 port onto the AD bus. lOR low 
.performs the same Junction as the 
'combinati on o f lO/M high and RD 
joyy. When lORisnotusedinasystem, 
iOR should be tied to Vcc ("1"). 

+5 volt supply. 

Ground Reference 

Vdd is a programming voltage, and 
. must be tied to +5V when the 8755A 
' ' is being read. ' ' '■' 

For programming, a high voltage is 
supplied with Vdd = 25V, typical. (See 
' section Oh progi'an^tong.) ^ 

''.Off. O^li.V!^/. ;-.")■'.. : : "S . 5 'f-.!. ' 



HT VV 32 L, 



I'-o't'o-O |-. Ir;a .ii;j:.-;v'; ,",'-:( ■ :, ■^H-OI' q i'!0 tJSdi^' -s*; . 
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<=AK/>^»cu lu .lyn "'''P"'^*^8y«emi«*n8 ttwaTMAcMtt'Use either one of the tvvoi/O 

wavelengths shorter than approximately 4000 Angstroms 
(Ai. It should be noted that sunlight and certain types of 



fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure 

The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms Ai. The integrated dose i.e.. 
UV intensity X exposure time for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000/jW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the "1" state. Information is 
introduced by selectively programming "0" into the 
desired bit locations. A programmed "0" can only be 
changed to a "1" by UV erasure. 

The 8755.^ can be programmed on the Intel® Universal 
PROM Programmer lUPPi, and the PROK/IPT" 80/85 and 
PROMPT-48'" design aids. The appropriate programming 
modules and adapters for use in programming both 
87S^f IHid Srds's are shown in 1. 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it Is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle lie , normal memory reaej cyclei 'Vdo' should 
be at -I-5V. 

Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming", operation are con- 
tained in Figure 6. 

TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 





MODULE NAME 


USE WITH 




UPP 955 


UPP{4! 




UPP UP2(2) 


UPP 855 




PROMPT 975 


PROMPT 80/85(31 




PROMPT 475 


PROMPT 48(1) 




NOTES: 




1. 


Described on p. 11-9 of 1978 System Data Catalog. 


2, 


Special adaptor socket. 




3. 


Described on p. 11-3 of 1978 System Data Catalog. 


4. 


Described on p. 1045 of 1978 Systern Data Catalog. 



mterfafflB!teehiil«|wi^^>i 

• Standard I/O 

• Memory ^i9lp|^ed 1/b 

if-l'isMidMf W ««i^ii|N«'is^#n(i;'tt% syst«ti>eari«iiii»^ 
fMil^-@fi l9(Siltoefts>>iaia-iii.£By mrts a combin^on^ 
unused address Bna»m^^ Atf'the Chip Enable inputs, the 
8085A system 0(111 j|itp,^ip«9 5 each 8755A's without requiring 

a CE decoder. , ^.^j i 

If a memory mappeS i/O approach is used the 8755A will be 
selected by the combination of both the Chip Enables and 
lO/M using the ADa-is address lines. See Figure 1, 

- ■ ^ ■ 01 -»A 



(V.'..C' 



''"m^Vw "0 iO/fi_ 



■jni 



3ption3l connection. 



Figure 1. S7S5A in SQ^v%«im (Memory-Mapped I/O) 
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8755A 



ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias -10°C to +70''C 

Storage Temperature -BS'Cto +150°C 

Voltage on Any Pin 

With Respect to Ground -0.5 to +7 V" 

Power Dissipation 1.5W 

'Except for programming voltage. 



•COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
ExpesuKft to atac^te maxiinurn r«tiaf Iranditions tor exttNittstf ennods 
may itftiel devicweliability. \ ' 



t 

J 



'-(» 



D.G. CHARACTERISTICS n* - o°c to 70°c; Vcc = sv ± 5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc +0.5 


V 




M3L 


Output Lovv Voltage 




0.45 


V 


l0L = 2mA 


VOH 


Output High Voltage 


2,4 




V 


lOH = -400mA 


'lU 


Input Leakage 




10 




V|N = Vcc to OV 


"lo 


Output Leakage Current 




±10 




0.45V <VouT <Vcc 










Ice 


Vcc Supply Current 


1 





......... jf\.^^^ 

A.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = 5V ± 5%) 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


TEST CONDITIONS 


tcYC 


Clock Cycle Time 


320' 




^ ns 


ClOAD ' ISO pf= 
(SoftJiilure 31 


Tf 


CLK f^lse Width ' 


80 




ns 


T2 


CLK Pulse Width „ 


— m— 




ns 








tf.tr 


CLK Rise and Fall Time 




30 


ns 


tAL 


Address to Latch Set Up Time 


50 




ns 


(.•0 -11 

ISO pF Load 


tLA 


Address Hold Time after Ijtch 


80 




ns 


tLC 


Latch to READ/WRITE Control 


100 




ns 




Valid Data Out Delay frornJBJEAO Control 




170 


ns 


tAD 


Address Stable to ^"^fid 




450 


ns 


tLL 


Latch Enable Width 


100 




ns 




tRDF 


Data Bus F loat after R EAD 





100 


ns 


tCL 


READ/WRITE Conti'bt^ l.af»i Enable 


20 




ns 


tec 


READ/WRITE Control Width 


250 




ns 


tow 


Data In to WRITE Set Up Time 


150 




ns 


tWD 


Data In Hold Time After WRITE 








"30 




ns 




tWP 


WRITE to Port Outptit 




40(0 


ns 


tpR 


Port Input Set Up Time 


50 




ns 


tRP 


Port Input Hold Time 


50 




ns 


tRYH 


READY HOLD TIME 





160 


ns 


tARY 


ADDRESS (CE) to READY 




160 


ns 


tRV 


Recovery Time between Controls 


300 




ns 


tflDE 


Data Out Delay from REAP Oinitrol 


10 




ns 


tLP 


ALE to Data Out Valid 




350 


ns 


PralimiMiy 



fr77 



WAVEFORMS 




■ ■ -v 



1~ 



Figure 2. Clock Specif Icatlon for 8755A 



'V'" '- 



I 

t 



X 



— 17 



-**((- 



note that CEi muat remain low for th» entire cycle. 



^ — . — — ADDflgSS 



1 



ij I. »Rj 



Figure 3. PROM Read, UO Read andWrfte Timing 
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8. OUTPUT MODE 



low ^ 

J. r ~^ 

(«ORT --^—l""** — I — ,a— — 

OUTPUT i - _/\_ 



I GLITCH FREE 

W - T* ^ OUTPUT 



DATA' 

BUS 



:z:-:x 



X 



•DATA BUS TIMING fS SHOWN IN FIGURE 4. 



Figure 4. I/O Port Timing 




Figure s. Wait State Timing (READY =0) 



875SA^ 



D.C. SPECIFICATION PROGRAMMING 

(Ta = 0-C to 70'C: Vcc = 5V ± 5%; Vss = OVi 



tymM 


Paramtter 


MIn. 


Typ. 


Max. 


Unit 


Vdd 


Programming Voltage (during Write 
to EPROM) 




25 


26 


V 


lOD 


Prog Supply Current 




15 


30 


mA 



A.C. SPECIFICATION FOR PROGRAMMING 

iTa = 0°C to 70° C; Vcc = 5V ± 5%; Vss = OVi 



Symbol 


Parameter 


MIn. 


Typ. 


Max. 


Unit 


tPS 


Data Setup Tim3 


10 






ns 


tPD 


Data Hold Time 









ns 


ts 


Prog Pulse Setup Time 


- 2 






/kS 


tH 


Prog Pulse Hold Time 


2 






MS 


tfR 


Prog Pulse Rise Wna 


0.01 


2 




Its 


tPF 


Prog Pulse Fall Time 


0.01 


2 




MS 


tPRG 


Prog Pulse Width 


45 


50 




msec 



• eiMien 



MO' 



8755A 



WAVEFORMS 



PROG/£Ii 



DATA TO BE 
PROGRAMMED 



A \ 



'0 ( — X 



X 




2^ 



-VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vqd*^V FOR 875SA) 



Flgim 6. 87SSA Program Mod* Timing Diagram 



r1 , 



Ml 



8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WtTH f/# POTTS AND TIMIR 



80S5A 


S08SA-2 


Compatible ^^^--^ 
CPU^--^^Chip 
^-■^ Enable 


8155 


8155-2 


ACTIVE LOW 


8156 


8156-2 


ACTIVE HIGH 



■ 256 Wom X a Bits J\ . 

■ Single +5V Power Supply 

■ Completely Static Operation 

■ Internal Address Latcii 

■ 2 Programmable 8 BH l/dr~POrts 



■-t1 N^pam i>ble^ilti^bA>rt 

: ■ Programmable 14-Bit Binary Courrtei/ 
Timer 



Address and 



The 8155 and 81 &6 are RAM and I/O chips to be used in the h^S-SS^microcomputersystem. The RAM portion isdesigned 
wttti 2048 static cells organl2ed»^n'rS:^hey have a maittm uiw Baa^ jtmB ' tf ! ^ i »t»wapa'»ilt use-^wKhrncrwalt j^ttgs 
In 8685A CPU. The 8155-2 and w|l&-2 have maximum access tinm df ^i«3|or{iie»Mii<the 8085A4f 

The I/O portion consists of threes general purpose I/O ports. One of tllteMB^pe£tsia(i %eipr^^ to be~siatus pins, 

thus allowing the other two ports to operate in handshal<e mode. j 

A 14-bit programmable counter/timet is also included on chip to provide either a sqpare wave or terminal count ^Mairf^ 
the CPU system depending on timer mode. ' ' 



PIN CONFIGURATION 



PC3 c 
PC, c 

TIMER IN C 

RESET C 
PC5 C 
TIMER OUT C 

mm C 

61 OR CE« C 
RD C 
WR C 
ALE C 
AD„ C 
AD, C 
AD, C 
AP3 C 
AO, C 
ADs C 
AD, C 
AD, C 



8155' 
S156 

6155 2 
81562 



H PCj 
3 PC, 

□ PC„ 

□ PB, 

□ PBj 
D PB4 

□ PB3 

□ PBj 
D PB, 
I] PBo 
D PA, 
D PAj 

□ PA5 
D PA, 
1 PA, 
3 PAj 

□ PA, 
D PA„ 




AUE- 
HD- 



°|ii|;«piHttiiMMii 



256 X 8 
STATIC 
RAM 



^PORTAj. 
PORT_Bk 

_1^PV, 



TIMER CLK — 4^0"! aHimllfBoihteatgcHSVn: 

TIMER OUT L-i-T U . v.. (OVl 



8155/8155-2 = CE, 8156ffl156-2 = CE 



MID. COMMTm USMES NO KSHMSBUfn FW THE USE OF MH CDCUmn OTHEII THiN CKCItlllV mtU^ W Ml MEL FMWCI. HO OtNEl Gte»t PHTBIUKEIISS «IE iWUD. 

einaceiiNMiiaii,i9» 



81 55/81 56/81 SS>2/81P^2 



8155/8156 PIN FUNCTIONS 



S ymbol 

RESET 
(input) 



ADo-7 
(input) 



CE or CE 

(Input) 

RD 

(input) 



WR 

(input) 



Function 

Pulse provided by tlie 8085A to ini- 
tialize ttie system (connect to 8085A 
RESET OUT), input high on this line 
resets the chip and initializes the 
three I/O ports to input mode. The 
width of RESET pulseshould typically 
be two 8085A clock cycle times. 

3-state Address/pata lines that inter- 
face with the OPU lower 8-bit Ad- 
dress/Data Bus. The 8-bit address is 
latched into the address latch inside 
the 8155/56 on the falling: edge of 
ALE. The address can be either for 
the memory section orthe I/O section 
depending on the lO/M input. The 
8-bit data is eitier written into the 
chip or read frqrri the chip, depending 
on the WR or RD input signal, 

Chip Enable: On the StSS, this pih Is 
CE and is ACTIViE LOW. On the 81 56, 
this pin is CE and is ACTIVE HIGH. 

Read control: Input low on this line 
with the Chip Enable active enables 
and ADo-7 buffers. If \0/Mp'm is low, 
the RAM content will be read out to 
the AD bus. Otherwise the content 
of the selected I/O port or command/ 
status registers will be read to the 
AD bus. 

Write control: Input low on this line 
with the Chip Enable active causes 
the data on ■ttmftsJdfess/Data bus to 
fee written tETWft^lim I/O ports and-"\. 
command/statiu* re^ster depending \ 
on lO/M. - - '■ 



S ymbol 

ALE 



lO/M 

(input) 

PAo-7(8) 
(input/output) 



PBo-7(8 
,(input/output) 



PCo-6(6) 
Sirffil^O.Utput) 



TIMER IN 

(input I 

TIMER OUT 
■(output) 



-:7- 



Vcc-" 
'Vss 



Function 

Address Latch Enable: This control 
• signal latches both the address orvthe' 
ADa-7 lines and_the state of the C-hipf 

(allinf edgiiOf AtR. i : = 

Selects memory if low and I/O and 
command/status registers if high. 

These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the command 
register. 

These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by progr^p^i'j^i — #»• command; 
register. - - ; 

These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the command reg- 
ister. When PCo-sare used as control 
signals, they will provide the fol- 
lowing: 

PCo — A INTR (Port A Interrupt) 
PCi — ABF (P ort A Buffer Full) — ^ 
PCs — A STB (Port A Strobe) 
WCa — B INT R (Port B Interrupt) 
PC4 — B BF (Port B Buffer Full) 
PCs — B STB (Port B Strobe) 

.Input to the counter-timec . , . 

-Timer output. This output can-be 
either a square Awave or a^ulse de- 
pending on, the timer mode(jj.-„i .- 

+Svolt supply. 

Ground Retereriee. 



\~r- 



A, 



ar?u;)H3^.M0IT,. . 



6-83 



The 8155/8156 contains the following: 

• 2k Bit Static RAM organized as 256 x 8 

• Two8-bitl/OportsiPA&PB) and one 6-bit I/O port ( PC i 

• 14-bit timer-counter ■ , 

Hfife'mW (lO/MBmory Select) pin selects either the five 
i!ef raters (Command, Status, PAo-7, PBo-7, PCo-5) or 
KM^ntmory (RAM) portion. (See Figure 1.) 

Tlie'S%it address on the Address/netta lines. Chip Enable 
input iSE or CE,'and lO/M are aU latched on-chip at the 
Ming>«dge of ALE. (See Figure 2.). 



-■ .4' 5t:r 'I'i-.'? •■•rlT 3' B r^irO 



TV 



8 BIT INTERNAL DATA BUS 



7S- 7> 



7v 



PC 




PB 




PA 




TIMER 
MSB 


TIMER 
LSB 


/\ 


/\ 


/\ 



/ 



TIMER 
y \ MODE 



Ofivj 'iVv' 



>o 33 

I'jqiK 

OS 



In-- 




' ' " tiiiai ■ ■■■■■ 


ngure 1. B1S5/8156 Intemal Regtsters 










CE (815S) 
OR 

CE (Bias) ^ 




V \ 










\ 


- / 








lO/H 


/ 


\ 


^— — — 


> ( 




X 


ADDRESS 


X > — ( 






ALE ^ 


\ 




/ 










RDORWR 




\ 


/ 



NOTE: FOR DETAILED TIMING INFORMATION. SEE FIGURE 12 AND A.C. CMAnACTERISTICSL 



Figure 2. 8155/8156 On-Board Memory Read/Write Cycle 
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8155/8156/8155-2/8156-2 



PROGRAMMING OF THE 
COMMAND REGISTER 

The Eomtnand register consists of eight latches, four 
bits (0-3) define the mode of the pprta, two bits (4-5) 
enaM or disable the interrupt from port ;C when it acts 
as controi port, and the iast two bits (6-7) aire for the timer. 

The command register contents cap ;bejaltered at any 
time by using the I/O address XX)tiQ$0Oi(]arin£a WRITE 
operation with the Chip Enable active and lO/M = 1 . The 
meaning of each bit of the command byte is defined m 
Figure 3. The contents of the command register may 
rretfer be read. 



READING THE STATUS HWUPiR - u 

Thg..s*atus register c0ra§telsplseyei!i lata^s^iCirieffliFeacJii 
bit; sfx (0-5) for the status of the ports and 0Be.(6) for the 
status of the timer. 

The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXXOOO). 
Status word format is shown in Figure 4. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued. 



lEB lEA PC? PCi PB PA 



DEFINES PAo-7 
■ DEFINES PBo.7 



AD7 ADg AD5 AD4 AD3 AD2 ADi ADo 



■ DEFINES PCq.s - 



. ENABLE PORT A 
INTERRUPT 



ENABLE SORT B 
■ INtERRUftr -- 



= INPUT 

1 = OUTPUT 



00 = ALT 1 
n = ALT 2 

01 = ALT 3 
10 = A LT 4 



1 = ENABLE 
= DISABLE 



"TIIIIEft COMWAND- 



01 = STOP - NOP 1= TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 

10 = STOP AFTER TC - STOP IMMEDIATELY 

AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 = START - LOAD MODE AND CNT LENGTH 

AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REAChlED. 



(iisfipoT^uWn 

PORT A INTERRUPT ENABLE 

- PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT B INTERRUPT ENABLED 

" TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 



Figure 3^ Command Register B|t Assignment Figure 4. Status Register Bit Assignment 
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Sl55/8156/81S^^56-2 



INPUT/OUTPUT SECTION 

The I/O sDctton Of the 8155/81 56 consists ef five registers: 
(See Figure 5.) 

• Command/Status Register (C/S) — Both registers are 
assigned the address XXXXXOOO. The C/S address 
serves the dual purpose. 

When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register The contents of this registerarenof accessible 
through the pins. 

When the C/S i XXXXXOOO i is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the .AOo-7 lines. 

• PH Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode iSee timing diagram i. The 
I/O pins assigned in relation to this register are PA0-7. 
The address of this register Is XXXXX001. 

• Raster — This register functions the same as PA 
Register. The I/O pins assigned are PB0-7. The address 
of this, register Is XXXXX010. 

• PC Register— This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals tor PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 

When PCo-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
output signal' indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. See Table I.1 

When the 'C port is programmed to either ALTS or ALT4, 
the control signals for PA and PB are initialized as follows: 



CONTROL 


INPUT MODE 


OUTPUT MODE 


BF 
INTR 
STB 


Low 
Low 
Input Control 


Low 
High 
Input Control 



I/O ADDRESS^ 


SELECTION 


A7 


A6 


AS 


A4 


A3 


A2 


A1 


AO 


X 


X 


X 


X 


X 











Interval Comniiflfl/S'lat^^egister " ■ ' ^ 


X 


X 


X 


X 


X 








1 


General Purpose I/O Port A 


X 


X 


X 


X 


X 





1 





General Purpose I/O Port B 


X 


X 


X 


X 


X 





1 


1 


Port C — General Purpose i or Control 


X 


X 


X 


X 


X 










Low-Order 8 bits of Timer Couni 


X 


X 


X 


X 


X 


1 





1 


High 6 bits of Timer Count and 2 bits 


















of Timer Mode 



Xi Bon't Ore, . ^ - 

t: I/O Address must be qualified by CE= 1 i8156i orCE=0 1BISS1 and I0/M= 1 1n. pr^^ 
to select the appropriate register. 



Figure 5. I/O port and Timer Addressing Scheme' 



Figure Shows how I/O PORTS A and B are structiit^ 
within the 8155 afid mSgr " 



81SS/B1S6 
ONE BIT OF PORT A OB PORT B 




—I ./PA/PBI 

iviv 



= 1 FOR OUTPUT MODE 
= FOR INPUT IWODE 



NOTES: 

(1) OUTPUTMODE 
(21 SIMPLE INPUT 
13) STROBED INPUT 
READ PORT = (lO/i^l I • (Rd=0)» (CE ACTIVE! • (PORT ADDRESS SELECTED) 
WRITE PORT = (IO/M-1 ) • (W^) • ICE ACTIVE) • (PORT ADOR^ SEtECffPI 



} MULTIPLEXER 
CONTROL 



Figures. 8155/81St Mt PUaeHons 
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8155/8156/8155-2/8156-2 



TABLE 1. TABLE OF PORT 60NTR0L ASSIGNMENT. 



Pin 


ALT 1 


ALT 2 


ALT 3 


ALT 4 


PCO 


Input Port 


Output Port 


A INTR i Port A Interrupti 


A INTR iPort A Interrupt) 


PCI 


Input Port 


Output Port 


A BF Port A Buffer Full: 


A BF (Port A Buffer Fulli 


PC2 


Input Port 


Output Port 


A STB 1 Port A Strobe ) 


A STB iPort A Strobe i 


PC3 


Input Port 


Output Port 


Output Port 


B INTR Port B Interrupt! 


PC4 


Input Port 


Output Port 


Output Port 


B BF (Port B Buffer Fulli 


PCS 


Input Port 


Output Port 


Output Port 


8 STB (Port B §trobe) 



Note in the diagram that when fhe^t/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 

The outputs of the 8155/8156 are |"glitch-f ree" meaning 
that you can write a "1" to a bit position that was previ- 
ously "1" and the level at tfie output pin will not change. 

Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 8155/56 
isElESET, the output latches are all (^^^snd all 3 ports 
enter the input mode. 

When in the ALT 1 or ALT 2 modes the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 

Beading from an input port with nothing connected to the 
pTns will provide unpredictable results. 

Figure 7 shows how the 8155/8156 I/O ports might be 
configured In a typical MCS-85 system. 
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8155/8156 
PORT C 



TO 8085 RST INPUT 



A INTR (SIGNALS DATA RECEIVED] 



A BF ISIONALS DATA READY), 



A STB lAOKNOWL. DAtyieCfefVEBP 'KV ' 



B STB (LOADS PORT B LATCH) 



B BF (SIGNALS BUFFER IS FULL) 



B INTR (SIGNALS BUFFER 



READY FOR READING) 



TO/FROM 
■PERIPHERAL 
INTERFACE 



TO 8085 llyPUT PORT (OPTIONAL) 
TdSOSS RST INln)T 



Figure 7. Example: Command Reglater = 00111001 
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The tinier is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TCi is reached. 

The timer has the I/O address XXXXXIOOfor the low order 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 5i. 

T0 program the tinner, the COUNT LENGTH REG is 
loaded^ first, one byte at a time, by selecting the timer 
atfedresses. Bits 0-13 of the high order count register will 
.speGity.the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 8). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 
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4 


3 


2 
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M2 


Ml 


T,3 


T,2 


Til 


Tio 


Tg 


Ts 


1 
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TIMER 
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MSB OF CNT LENGTH 
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1" 


T6 


Ts 


T* 
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LSB OF CNT LENGTH 



Figure 8. Timer Format 

There are four modes to choose from: M2 and Ml define 
the timer mode, as shown in Figure 9. 



TiffliRTSDrWAVEFORMS: 

MODE START 
BITS COUNT 

M2 Ml 

1. SINGLE 
" " SQUARE WAVE 



2. CONTINUOUS 
SQUARE WAVE 



TERMINAL / TERMINAlN 
COUNT \ COUNT j 



3. SINGLE 
PULSE ON 
TERMINAL COUNT 

4. CONTINUOUS 

PULSES 



■u — 

17— 



"U" 



Figure 9. Timer Modes 

Bits 6-7 (TM2 and TMn of command register contents 
are used to start and stop the counter. There are four 
ecMMmands to choose from: 

TM2 TMi 

NOP — Do not affect counter operation. 

1 STOP — NOP if timer has not started; 

stop counting if the timer is running, 

1 STOP AFTER TC — Stop immediately 

after present TC is reached ( NOP if timer 
has not started ) 

1 1 START — Load mode and CNT length 

and start immediately after loading <if 
timer is not presently running i. If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 



Note that while the count^VODBffing. you may load a 
new count and mode into the count length registers. 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only Al^t:'to 
change the coLmt and use the previous mode. I 

In case of afi odd-rmmjsered coont, the f list half-cycle 
of {h» s^Uamiir^'oirtpu'l^ which is htgHT is'one GSttfit 
longer than the second (low) half-cycle, as shown in 
Figure 10. 



i??i;ri "gol'-rldii 

- r /i-.-.v "r, '■'1 n 



: ; : -ijo 



NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCtCS IN TMAt TIM PEWl^' ^ ''" 

Figure 10. Asymmetrical Square-Wave Output Resulting 
from Count of 9 

The counter in the 8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, countingcarinot begin 
following RESET unfit a STARY^'^'s^^fS-^'^iJ^sii 
the C/S register. 

Pfease note that the timer circuit on the 8155/8156 chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice 
in completing one cycle. Thus, its registers do not con- 
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 idecimali. (For 
the detection of single pulses, it is suggested that one 
of the hardware interrupt pins on the 8085A be used. 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com- 
plete the timer cycle if desired. To obtain the remaining 
count, penferm the following operations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length registers 

3. Reset the upiper tw0 mode bits 

4. Reset the carry and r®fette.right one position alt 
through carry 

5. If carry is set, add 1/2 of the full original count ( 1/2 full 
count — 1 if full count is odd). 

Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the 81SS/56 always 
counts out th e right number of pulses in generating the 
TIMER OUT waveforms. 
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EXAMPLE PROGRAM 



Following is an actual sequence of program steps that adjusts the 8155/56 count register 
contents to obtain the count, extracted from Intel® Application Note AP38. "Application 
Techniques for the Intel 8085A Bus," First store the value of the full original count in register 
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample 
the timer-counter, storing the lower-order byte of the current count register in register C and 
the higher-order count byte in register B. Then, call the toNoiwtn9>:8(^OM90i5A subroutine: 


ADJUST, 78 


MOV A,B 


:Load accumulator wilH) upiinr tMf 

; of count. ' ' ' 


E63F 


ANl 3F 


;Reset upper 2 bits and clear carry. 


1F 


RAR 


iRotate right through carry. 


47 


MOV B,A 


iStore shifte^v^iriii^Jrl S. 7^ ■' 


79 


MOV A,C 


;Load aeeomtilator with lower half. 


IF 




iRotate right through carry. . : 


4F 


MOV C.A 


;Store lower byte in C. 


D0 


RNC 


;lf [n 2nd half of count, return. 

'If in "iat 'half nn f\n 
,11 III II9I.I, yu Ull. 


3F 




;Cleaf :carryL ' 






.uiviae Tuii count Dy ^. ' it riL 

:is odd, disregard remainder.) ^ 


i IF 


RAR 


I 




MOV H,A 




i 7D 


MOV A,L 




1F 


RAR 


"r' ' ' --' ' ■ 1 


6F 


MOV L,A 




09 


DAD B 


;Double-precision add HL and BC. 


44 


MOV B,H 


;Store results back in BC. 

Her.- 'it 


4D 


MOV C,L 


C9 


RET 


;Return, 


After executing the subroutine, BC will contain the remaining count in the current eotiht evole. 
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8085A MINIMUM 

SYSTEM CONFIGURATION 

Figure 11 shows a minimum system using three chips, 
containing: 

• 256 Bytes RAM ' ■' ■ 

• 2K Bytes BOM - •• -"i^- ' 

• 38 I/O Pins 

• 1 Interval Timer 

• 4 Interrupt Levels 



/ — 

C ADO 7 

\J 



m 



TIMER 
OUT 



256 K 8 
RAM 



C/S PC PB PA 



7\ 



A10\ /0 7, 



ALE RDIOWCLK 



rstIrW ■ 



8355 IROM + 1/01 
OR 

875S [Pn^'t I/Or 



(6) {81 (81 



(81 (81 



• NOTE: OPTIONAL CONNECTIONS 



■^■: ^ ' ..10 .ii.i pt.i;,. -jx- t'l; 



Figure 11. 8085A Minimum System Configuration. (Memory Mapped I/O) 
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ASSOLUTE MAXIMUM RATINGS* 

_j 

Tertnperature Under Bias 0°Cto+70°C 

Storage Temperature ' ; . ...... 7 -65°C to +150°C 

Voltage on Any Pin ^— 

With Respect to Ground :. -0.5V to +7V 

Power Dissipation 1. . . . . , 1.5W 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absofute maximum 
rating conditions' foi- extended petW^mitV affect^^yice 
reliability. ■ - 



D.C. CHARACtERISTICS 



[jT* = 0°G to 70''G; Vec = 5V ± 5%) 



SYMBOL 



PARAMETER 



MIN. 



MAX. 



UNITS 



TESt-j 



Input Low Voltage 



-0.5 



0.8 



V|H 



Input High Voltage 



2.0 



Vcc+0.5 



Vol 



Output Low Voltage 



0.45 



loL = 2mA 



VoH 



Output High Voltage 



2.4 



loH = -400mA 



Input Leakage 



±10 



MA 



V|N = Vcc to OV 



Ilo 



Output Leakage Current" 



+10 - 



pA 



0.45V < VouT < Vcc 



Ice 



Vcc Supply Curif?nr^ i 



mA 



I|l(CE) 



Chip Enable Leakage 
8155 
8156 



,+njcr" 

-M)0- 



V|N = Vcc to OV 



not 
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8155/8156 


8155-2/8156-2 
(Preliminary) 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


MIN. 


MAX. 


UNITS 


tAL 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time after l^tch 


® 




30 




ns \. 


tLC 


Utch to READ/WRITE Control 


too 




40 






tRD 


Valid Data Out Delay Irom READ Control 




170 




140 


ns 


tAD 


Address Stable to Data Out Valid 




400 




330 


ns 


tLL 


l_atch Enable Width 


100 




70 




ns 


tRDF 


Data Bus Float After READ 





100 





80 


OS 


tcL 


READ /WRITE Control to^ Latch Enable 


20 




10 




— laBw- 


tec 


READ/WRITE Cptitrol Width 


250 


-1 j — 


2(X> 







tow 


Data In to WR ITE Set Up Time 


150 




100 






*V»D 


Data In Hold Tin» After WRITE 
















•f 

Recovery Time Between-Gonb'ols 


300 




200 




ns 


— twp 


WRITE to Port Output 




400 




300 


ns 




Port Input Setup Time 


70 




50 




ns 


Jhp 


Port Input Hold Time 


50 




10 




ns 




Strobe to Buffer Full 




400 




300 


ns 


tss 


Strobe Width 


200 




150 




ns 


tRBE 


R EAD to Buffer Empty 




400 




300 


ns 


tsi 


Strobe to INTR On 




400 




300 


ns 


tRDI 


READ to INTR Off 




400 




300 


ns 


tPSS 


Port Setup Time to Strobe Strobe 


50 









ns 


tPHS 


Port Hold Time After Sitrobe 


120 




100 




ns 




Strobe to Buffer Empty 




'■m 




300 


ns 




WRITE to Buffer Full 




400 




300 


rtt 


twi 


WRITE to INTR Off 




400 




300 






TIMER-IN to TIMER-OUT Low 




400 




300 


ns 




TIMER-IN to TIMER-OUT High 




400 




300 


ns 


^RDE 


Data Bus Enable from READ Control 


1 




10 




ns 


ti 


TIMER-IN Low Time 


80 




40 




ns 


t2 


TIMER-IN High Time 


120 




70 




ns 
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Figure 12. 8155/8156 Read/Write runing Diagrams 



8155/8156/8:^2/8156-2 
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a. Basic Input Mode 



X 



IX 



b. Basic Output Mode 



•DATA BUS TIMING IS SHOWN IN FIGURE 7. 



Siifii rii'-u' i-.y^ 

Jr 



Figure 14. Basli: litt' Timing wM#rttf' 



LOAD COUNTER 
I 2 I 



FROM CLFl ^ 




TIMBBOUTw ' \ 

isgLiarI WAVei \ 



Nqre 1; the timer output is periodic if in an automatic 

flELOAB mope JM, MODE BIT- II 



1 JJlilW.M 



Figure 15. Timer Output Waveierm Countdown from 5 to 1 
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8185/8185-2 
1024 X 8-BIT STATIC ¥&M FOR M^^^ 



■ Multiplexed Address and Data Bus 

■ Directly Compatible with 808SA 
and 8088 Microprocessors 

■ Low Operating Power Dissipation 



■ Low Standby Power Dissipation 

■ Single +5V Supply 

■ High Density tMHti Package 



The Intel* 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using 
N-channel Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly 
to the 8085A and 8088 microprocessors to provide a maximum level of system Integration. 



The low standby power dissipation minimizes system power requirements whei) t{^^ A^ps ,i$,cl,i8a^le^.j.^a k Mti^R 

The8l8S-2 is a hiQh-speed selected version of the 81 85 that is comnaUM^WiK We S and the fail i 

S MHz 8088. 



PIN GONFIGURATION 



BLOCK DIAGRAM 



ADi Q 

ADjI: 
AD,C 

AD, C 
Vss C 



□ Vcc 

□ RD 

□ WR 

□ ALE 

□ a 

□ *» 
3*8 



PIN NAMES 



ADq-AD^ 


ADDRESS/DATA LINEii 


Ag, Ag 


ADDRESS LINES 


cs 


CHIP SELECT 




CHIP ENABLE (lO/M] 




CHIP ENABLE 


ALE 


ADDRESS LATCH ENABLE 


RD 


READ ENAU.E 




WRITE ENABLE 



ADg AD, 
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OPERATIONAL DESCRIPTION 

The 81 85 has been designed to provide for direct Interface 
to the muitipiexed bus structure and bus timing of the 
8085A nnicroprocessor. 

At the beginning of an 8185 memory access cycle^he 8- 
bit address on ADo-7, As and Ag, and the status of CEi and 
CE2 are all latched internally in the 81 85 bythe falling edge 
of ALE. If the latched status of both CEi and CE2 are 
active^the 8185 powers itself up, butnoaction occurs until 
the CS line goes low and the appropriate RB or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum po wer c onsumption 
savings will occur, however, only when CEi and CE2 are 
activated selectively to power down the 81 85 when it is not 
in u^e. A possible connec tion would betowirethe8085A's 
lO/M line to the 8185's CEi input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 



TABLE 1. — 
TRUTH TABLE FOR .1 _ 
POWER DOWN AND FUNCTION INMfflLE 



CE, 


CEj 


CS 


(CS*)121 


8185 Status 


1 


X 


X 





Power Down and 
Function Disable|ii 


X 





X 





Power Down and 
Functio.tl Disableiii 





1 


1 





Powered Up and 
Function Disableni 





1 





1 


Powered Up and 
Enstiea 



Impedance stati 



Notes: 

X: Don't Care. 

1: Function Disable irriplies Data Bu 
and not writing. 

qc, = (Of 1 = ^X' ^■'^^ 1 ) • [cs'^ m ,, :, ' 

. GSi k t sjgnHies all chip enables ^dcHi^ select active 



TABLE 2. 
TRUTH TABLE FOR 
CONTROL AND DATA BUS PIN STATUS 



fC8«) 


RD 


WR 


AD0.7 During Data 
Perilen of 


8185 Functton 


0_f 


X 


X 


Hi-Impedance 


No Function 


1; 





1 


Data from Memory 


Read 


1 


1 





Data to Memory 


Write 


1 


1 


1 


HWmpetence 


Reading, but not 
Dciving Data Bus 



Note: 

X: Don't Care. 





"1 




R.ESET IN 






TRAP ^ 




MOLD 






RST7,sS.O- 










RST6,5, ..... 




SOD 






RST5,5 


SID 






INTR 




S, 






ADDR/ 




RESET c; 








OUT ^0 






ADDR DATA 


ALE RD WR lO/M RDY CLK 





PORT 

^8156 ^ 



■\ DATA/ 
_^ ADDR 



10 



lO/M TIMER 
OUT 



8355/ 
8755A 

DATA/ 
ADDR 

lO/M pop. 
RESET 

noY 

CLK 



TT 

Vss Vcc Vdd prog 



' 8185 



ALE 
CS. CEj 



T 

Vss 



-Vcc 
-Vcc 



-Flgjitf 1. 8185 In an MCS-85 System. 

4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 

38 I/O Lines 

1 Counter/Timer 

2 Serial I/O Lines 
5 Interrupt Inputs 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°Cto+70°C 

Storage Temperature -65° C to +150° C 

Voltage on Any Pin 

with Respect to Ground -0.5V to +7V 

Power Dissipation 1 .5W 



•COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied 
Exposure to absolute maximum rating conditions for extended periqds 
mayaff9#«6ite»«*ib»il*!"- ''^-- •■ ■ ' .. ^ .i. 

J ioaiKBte 9rl( briB.eA isi"5 >V'- • ^^pifbsici 
|;-'Si'iiisV«rtt^J-eef9s-:''ii'.'" ttn '9} f^iBCi 



D.C. CHARACTERISTICS (Ta = o°c to 70°C; vcc = 5V ± 5%) 



, Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions" ' '-' 


ViL 


Input Low Voltage 


-0.5 


0.8 


V 


. — ^ i.-v- 


VlH 


Input High Voltage 


2.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


lOL = 2mA 


VOH 


Output High Voltage 


2.4 


i-iti'-r"-'' 1 




Ioh=-400|jA 


'JL ' 


Input Leakage ' ' ' ' 




1 ori'ijtlO 




yiN=?vtectPov 


iLd 


Output Leakage Current 








0.45V « Vout < Vcc 


Ice 


Vcc Supply Current 
Powered Up 
Powered Down 




100 


mA 






35 




^, .M ;' 



A.C. CHARACTERISTICS (Ta = o«c to to'C; Vcc = 5V ± S%| 







r 







8185 
Preliminary 


8185-2 
Preliminary 




''Symbol 


Parameter 


Min. 


Max. 


Min. 


Max. 


Units 


Ul 


Address to Latch Set Up Time 


50 




30 




ns 


tLA 


Address Hold Time ^ttkr Ijateh 


80 




30 




hs 


tLC 


Utch to REAO/WRljrElCojhtrol 






40 




ns 


tRO 


Valid Data Out Delay ^m READ Control 




170 




140 


ns 


tLD 


ALE to Data Out Valid 




300 




200 


ns 


tLL 


^ Latch Enable Width | 


100 




70 




ns 


tRDF 


Data Bus Float Aftei" RfeAD 





100 





80 


ns 


fCL 


READ/WRITE Control to Latch Enable 


20 




10 




ns 


tec 


READ/VifRITE Control .Width 


250 




200 




ns 


tow 


Data In to WRITE Seftjp Time 


150 




150 




ns 


two 


Data In Hold Time After WRITE 


20 




20 




ns 


tsc 


Chip Select Set Up to Control Line 












10 




10 




ns 


tcs 


Chip Select Hold Time After Control 


10 




10 




ns 


tALCE 


Chip Enable Set Up tc ALE Falling 


30 




10 




ns 


tLACE 


Chip Enable Hold Time After ALE 


50 




.30 




ns r 



Notes: 

1. All AC parameters are referenced at 

a) 2.4V and .45V for inputs 

b) 2.0V and .8V for outputs. . [ 

Input Waveform for A.C. Teste: 



;-:.iiE!.iBr)rT . -'I 
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1 



\ 



tRDF 




(READ CYCLE) 




— 'WD 


X 






«cc » 










(WRITE CYCLE) 











(DESELECTEP) 



Figura 3. 8185 Timing. 
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8031/8051/8751 
SINGLE-COM^<;^ENT 8-BIT MICROCOMPUTER 

Mi<!nv ■ 8031 - Control Oriented CPU With RAM and I/O '\ 

■ 8051 - An 8031 With Factory Mask-Programmable ROM 

■ 8751 - An 3131 With User Programmable/Erasable'CPROilu vHrrm-t r<^ 

■ 4K X 8 ROM/EPROM ■ Boolean Processor 

■ 128x8 RAM ■ MCS-48^" Architecture Enhanced with: 

■ Four 8-Blt Ports, 32 I/O Lines • Non-Paged Jumps 

■ Two 16-Bit Timer/Event Counters • Direct Addressing 

■ High-Performance Full-Duplex • Four 8-Reglster Banks 
Serial Channel * Stack Depth Up to 128-Bytes 

f ■External Memtory Expandable to 128K j • Multiply, Divide, Subtract, Compare 

■ Compatible with MCS^0W»|iliS-85''' Most Instructions EjceMMi ljis 
Peripherals i 4i«I Mara^ly a1fia Dlfl^ '^^^ ^^^^ 

The Intel® 8031/8051/8751 is a stand-alone, high-performance single-chip computer fabricated with Intel's 
highly-reliable +5 Volt, depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin 
DIP. It provides the hardware features, architectural enhancements and new instructions that are necessary to 
make it a powerful and cost effective controller for applications requiring up to 64K bytes of program memory 
and/or up to 64K bytes of data storage. 

The 8051/8751 contains a non-volatile 4K x 8 read only program memory; a volatile 128 x 8 read/write data 
memory; 32 I/O lines; two 16-bit timer/counters; a five-source, two-priority-level, nested interrupt structure; a:i 
serial I/O port for either multi-processor communications, I/O expansion, or full duplex UART; and on-chip 
oscillator and clock circuits. The 8031 is identical, except that it lacks the program memory . For systems that 
require extra cagability, the 8051 can be expanded using standard TTL compatible memories and the byte 
oriented MCS-^^pn^..MCS-85 peripheral|. 

Thf 8051 rrHcrf^ni>uteri Uk^vit^ijlQ4i»jF^<^®^^^ efficient both as a controller and as an arithmetic 
pi-.oce8sor. Tiie,iii6i has exten^l^ for binary and BCD arithmetic and excels in bit-rhaadling capa- 

bilities. Efficient use of program memory results from an instruction set consisting of 44% one-byte, 41% 
two-byte, and 15% three-byte instructions. With a 12 IVIHz crystal, 58% of the instructions execute in l/us, 40% 
in 2jL/s and multiply and divide require only 4/js. Among the many instructions added to the standard 8048j) 
instruction set are multiply, divide, subtract and compare. 







40 


^ VCC 


P1.1 d 


2 


39 


Z] M.0 Abo 


P1.2 d 


3 


3B 


^ P0.1 A01 


PU cz 
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1.0 INTRODUCTION 

This data sheet provides an introduction to the 8051 
family. A detailed description of the hardware re- 
quired to expand the 8051 with more program mem- 
ory, data memory, I/O, specialized peripherals and 
into multiprocessor configurations is described in 
the 8051 Family User's ManuaK ; " 

1.1 THE 8051 FAMILY 

The8051 is a stand-alone high-performance single- 
chip computer intended for use in sophisticated 
real-time applications such as instrumentation, 
industrial control and intelligent cornputer periphr 
erals. It provicjes thb hardware fedtUi^es, architectural 
enhancemc^-iThd nW insih.^tl6wPthat make it a 
powerful and cost effective controller for applications 
requiring up to 64K-bytes of prograrp.nciemory and/or 
up to 64K-bytes of data storaqe.; A Blocit Diagram Is 
shown in Figure 3. 

The 8031 is a control-oriented CPU without on-chip 
program memory. It can address 64K-bytes of 
external Program Memory in addition to 64K-bytes 
of External Data Memory, for systems requiring extra 
capability, each member of the 8(^1 family can be 
expanded using standard memert^and the byte 
oriented MCS^BO and MCS>85 pmlpHorals. The 8051 
is art 8031 with the lower 4K-%tefi' of Program 
Memory filled with on-chip masfe ptogrammable 
ROM while the 8751 has 4K-byte^ of UV-light- 
erasable/electrically-programmab(e ROM. 
The three pin-compatible versions of this com- 
ponent reduce development problems to a minimum 
and provide maximum flexibility. The 8751 is well 
suited for development, prototyping, low-volume 
production and applications requiring field updates; 
the 8051 for low-cost, high volume production: and 
the 8031 for applications desiring the flexibility of 
external Program Memory which can be easily 



modified and updated in the field. 

2.0 MACRO-VIEW, THE 8951 
ARCHITECTURE' 

On a single die the 8051 microcomputer comblR@B 
CPU; non-volatile 4K x 8 read-only program memory; 
volatile 128 X 8 read/write data memory; 32 I/O lines; 
two 16-bit timer/event counters; a five-source, two- 
priority-level, nested interrupt structure; serial I/O 
port for either multi-processor communciations, I/O 
ej^nsion, or full duplex UART; and on-chip oscilla- 
tor and clock circuits. This section will provide an 
overview of the 8051 by providing a high-level de- 
scription of its Major elements: the'CPU archltacnjre 
and the on-chip functions per^H^Sf^ tlW fPu. 
The gerferic term "8051" is used to refer collectively 
to the 8031 , 8051 , and 8751 . 

2.1 8051 CPU ARCHITECTURE 

The 8051 CPU manipulates operands in four memory 
spaces. These are the 64K-byte Program Memory, 
64K-byte External Data Memory, 384-byte Internal 
Data Memory and 16-bit Program Counter spaces. 
The Internal Data Memoiy address space Is further 
divided into the 256-byte' finli^ "Data RAM and 
128-byte Special Function Register (SFR) address 
spaces shown in Figure 2.1. Four Register Banks 
(each with eight registers), 128 addressable bits; 
and the stack reside in the Internal Data RAM. The 
stack depth is limited only by the available Internal 
Data RAM and its location is determined by the 8-bit 
stack pointer. All registers except the Program 
Counter and the four 8-Register Banks reside in the 
Special Function Register address space. These 
memory mapped registers include arithmetic regis- 
ters, pointers, I/O ports, interrupt system registers, 
timers and serial port. 128 bit locations in the SFR 
address space are addressable as bits. The 8051 con- 
tains 128 bytes of Internal Data RAM and 20 SFRs. 
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Figure 2.1. 8051 Family Memory 'Organization 
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The 8051 provides a non-paged Program Memory 
address space to accommodate "felSCalable code. 
Conditional branches are performed relative to the 
Program Counter The register-indirect jump permits 
branching relative to a 16-bit base register with an 
offset provided by an 8-bit index register. Sixteen-bit 
jumps and calls permit branching to any location 
in the contiguous 64K Program Memory address 
space. 

The 8G51 has five methods for addressing source 
operB«ids: Register, Direct, Register-Indirect, Im- 
mediate and SaserRegister- plus' Index-Register- 
Indirect Addressing. The first three methods can be 
used for addressing destination operands. Most 
instructions have a "destination, source" field that 
specifies the data type, addressing methods and 
operands involved. For operations other than 
moves, the destination operand is also a source 
operand. 

Registers in the four 8-Register Banl<s can be 
accessed through Register, Direct, or Register- 
indirect Addressing; the 128 bytes of Internal Data 
RAM through IpireQt or Register-Indirect Addressing; 
and the Special Function Registers through Direct 
Addressing. External Data Memory , is accessed 
through Register-Indirect Addressing. Look-Up- 
Tables resident in Program Memory cani be accessed 
through Base-Register- plus Index-Register- Indirect 
Addressing, '■ <• 'tio- :sv 

The 8051 is classified as an 8-bit machine since the 
internal ROM, RAM, Special Function Registers, 
Arithmetic/Logic Unit and external data bus are each 
8-bits w/ide. The 8051 performs operations on bit, 
nibble, byte and double-byte data types, 
the 8051 has extensive facilities for byte transfer, 
logic, and integer arithmetic operations. It excels at 
bit handling since data transfer, logic and condi- 
tional brapcfj (operations cari,t)f^ ijgrfojmed directly 
on Boolean variables, ; . J^. 

The 8051's instruction set is an enhancemeht of 
the instruction set familiar to MCS-48 users, It is 
enhanced to allow/ expansion of on-chip CPU 
peripherals and to optimize byte efficiency and 
execution speed. Op codes were reassigned to add 
new high-power operations and to permit new 
addressing modes which make the old operations 
more orthogonal. Efficient use of program memory 
results from an instruction set consisting of 49 
single-byte, 45 two-byte and 17 three-byte instruc- 
tions. When using a 12 MHz oscillator, 64 instructions 
execute in Ips and 45 instructions execute in 2/js. 
The remaining instructions (multiply and divide) 
require only 4t;s. The number of bytes in each instruc- 
tion and the number of oscillator periods retjuired 
for execution are listed in the appended 8051 Instruc- 
tion Set Summary. 



2.2 ON-CHIP PERIPHERAL FUNCTIONS 

'TBugtaf only the CPU and memory sfpaees of the 
8051 have been described In addition to the CPU 
and memories, an interrupt system, extensive I/O 
facilities, and several peripheral functions are inte- 
grated on-chip to relieve the CPU of repetitious, 
complicated or time-critical tasks and to permit 
stringent real-time control of external system inter- 
faces. The extensive I/O facilities include the I/O 
pins, parallel I/O ports, bidirectional address/data 
"bus and the serial port for I/O expansion. The CPU 
peripheral functions integrated on-chip are the two 
16-bit counters and the serial potf. ^Stwllese work 
together to greatly boost system plsrformahtse. 

2.2.1 Interrupt System 

External events and the real-time-driven on-chip 
p^ipherals require service by the QPU asynchronous 
to IRe execution dfli^piftiduiarseeii#i'bf code. 
To tie the asynchronous activities of these functions 
to normal program execution, a sophisticated mul- 
stipJe-source, two-priority-level, nested interrupt sys- 
''"tem' is provided. Interrupt response latency ranges 
from 3/js to 7ps when using a 12 MHz crystal. 
The 8051 acknowledges interrupt requests from 
five sources: Two from external sources via the INTO 
and INT1 pins, one from each of the two internal 
counters and one from the serial I/O port. Each 
interrupt vectors to a separate location in Program 
Memory for its service program. Each of the five 
sources can be assigned to either of two priority 
levels and can be independently enabled and dis-^ 
abled. Additionally ail enabled sources can be globally 
disabled or enabled. Each external interrupt is pro- 
grammable as either level- or transition-activated 
and is active-low to allow the "wire or-ing" of several 
interrupt sources to the input pin. The interrupt 
system is shown diagrammatically in Figure 2.2 

£2:2 Mb Mities 

The 8051 has instructions that treat its 32 I/O lines 
as 32 individually addressable bits and as four 
parallel 8-blt ports addressable as Ports 0, 1, 2 and 3. 
Ports 0, 2 and 3 can also assume other functions. 
Port provides the multiplexed low-order address 
and data bus used for expanding the 8051 with 
standard memories and peripherals. Port 2 provides 
the high-order address bus when expanding the 
8051 with external Program Memory or more than 
256 bytes of External Data Memory. The pins of 
Port 3 can be configured individually to provide ex- 
ternal interrupt request inputs, counter inputs, the 
serial port's receiver input and transmitter output, 
and to generate the control signals used for reading 
and writing External Data Memory. The generation 
or use of an alternate function on a Port 3 pin is 
done automatically by the 8051 as long as the pin 
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f^igure 2.2. 8051 Interrupt System 



is configured as an input. The configuration of the 
ports is shown on the 8051 Family Logic Symbol 
of Figure 2. 

2.2.2.1 OPEN DRAII4 I/O Pl|<^ , , j 
Each pin of Port can be configured as an open 
drain output or as a high impedance input. Resetting 
the microcomputer programs each pin as an input by 
writing acne (1) to the pin. If a zero (0) is later written 
to the pin it becomes configured as an output and 
will continuously sink current. Re-writing the pin 
to a one (1) will place its output driver in a high- 
impedance state and configure the pin as an input. 
Each I/O pin of Port can sinl< two TTL loads. 

2.2.2.2 QUASI-BIDIRECTIONAL I/O PINS 

Ports 1, 2 and 3 are quasi-bidirectional buffers. 
Resetting the microcomputer programs each pin as 
an input by writing a one (1) to the pin. If a zero (0) 
is later written to the pin it becomes configured as 
an output and will continuously sink current. Any 
pin that is configured as an output will be recon- 
figured as an input when a one (1) is written to the 
pin. Simultaneous to this reconfiguration the output 
driver of the quasi-bidirectional port will source 
current for two oscillator periods. Since current is 
sourced Only when a bit previously written to a zero 
(Q) is updated to a one (1), a pin programmed as an 
it^ut %iU npt source current into the TTL gate that 
\^ driviiTg.it il t^e pln is later written vyith another one 
(t). Sinpethe quasi-bidirectiqnai output driver sources 
current for only two oscillator periods, an internal 



pullup resistor of approximately 20K- to 40K-ohms 
is provided to hold the external driver's loading at a 
TTL high level. Ports 1, 2 and 3 can sink/source one 
TTL load. _ 

2.2.2.3 MICROPROCESSOR Bll^" 

A microprocessor bus is provided to permit the 80^1 
to solve a wide range of problems and to allow the 
upward growth of user products. This multiplexed 
address and data bus provides an interface com- 
patible with standard memories, MCS-80 peripherals 
and the MCS-85 memories that include on-chip 
firogl'arnmable I/O ports and timing functions. These 
are summarized in the 8051 Microcomputer Expan- 

Components chart of Figure 2.3. 
When accessing external memory the high-order 
address is emitted on Port 2 and the low-order 
address on Port 0. The ALE sigijal Is ©rovided for 
strobing the address into a h exteifrw latch. The 
program store enable (PSEN) signal is provided for 
enabling an external memory device to Port during 
a read from the Program Memory address space. 
When the MOVX instruction is executed Port 3 auto- 
matically generates the read (RD) signal for enabling 
an External Data Memory device to Port or gener- 
ates the write (WR) signal for strobing the external 
memory device with the data emitted by Port 0. Port 
emits the address and data to the external memory 
th|roi^ aj^4i§hy(|?ulL(^!:iy9.r t{)f^t,,09n sink/source two 
TTL lOa^ At the end oi ike read/write bus cycle 
Port is automatically reprogrammed to its high 
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Figure 2.3. 8051 lUlicrocomputer Expansion Components 



ilmpedance state and Port 2 is returned to the state 
lit had prior to tlie bus cycle. The 80S1 generates 
the address, data and control signals:, needed by 
memory and I/O deVices in a mannerthal minimizes 
^he requirwwenfs- placed on external program and 
data memories. At 12 MHz, the Program Memory 
cycle time is 500ns and the accejis times required 
from stable address and PSEN are approximately 
320ns and 150ns respectively. The External Data 
Memory cycle time is 1^;s and the access times 
required from stable address and from read (RD) 
or write (WR) command are approximately 600ns 
and 250ns respectively. 



2.2.3 Timer/Eyent Counters 

The 8051 contains two 16-bit countersfor measuring 
time intervals, measuring pulse widths, counting 
events and generating precise, periodic Interrupt re- 
quests. Each can be programmed independently to 
operate similar to an 8048 8-bit timer with divide by 32 
prescaler or as an 8-bit counter with divide by 32 pre- 
scaler (Mode 0), as a 16-bit time-interval or event 
counter (Mode 1 ), or as an 8-bit time-interval or event 
counter with automatic reload upon overflow 
(Mode 2). 

A^ditjorjally, coynter c^n be programmed to a 
mode "{hat divities it info on'lf 8-blt time-interval or 
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event counter and one 8-bit time-interval counter 
(Mode 3). When counterO is in Mode 3, counter 1 can 
be programmed to any of the three aforementioned 
modes, although it cannot set an interrupt request 
Hag or generate an interrupt. This mode is useful 
ibsca)^ counter 1's overflow cao be^sed to pulse 
the serial port's transmisslon-raje geiiefator. Along 
with their multiple operating modes ani 16-bit pre- 
cision, the counters can also handle very high input 
freqiiencles. These range from O.i MHz to 1.0 MHz 
(for 1.2 MHz to 12 MHz crystal) when programmed 
for an input that is a division by 12 of the oscillator 
frequency and from Hz to an upper limit of 50 KHz 
to 0.5 MHz (for 1.2 MHz to 12 MHz crystal) when 
programmed for external inputs. ESoth internal and 
external inputs can be gated to the counter by a 
second external source for directly measuring 
pulse widths. 

ThftGOunters are started and stoppecLMnder software 
cohtKQl. Each counter sets its lpteJ|CMf)t..request flag 
wheittt oveiflows from all ones to alliZeros (or auto- 
reioaSfvaiue). The operating modes and input sources 
pre siiimmarized in Figures 2.4A and 2.4S. The effects 
'of the configuration flags and the status flags are 
shown In Figures 2.5A and 2.5B. 

2.2.4 Serial Communications 

The 8051 has a serial I/O port that is useful for 
serially linldng peripheral devices as well as multiple 
80518 through standard asynchronous protocols with 
full-duplex operation. The serial port also has a 
synchronous mode for expansion of I/O lines using 
CMOS and TTL shift registers. This hjifdware serial 
communications interface saves ROy code and 
permits a much higher transmission nate than could 
be achieved through software. In response to a serial 
port interrupt request the CPU has iDnly to read/write 
the serial port's buffer to service the serial link. 
A block diagram of the serial port is shown In Figure 
2.6. Methods for linking UART (universal asynchro- 
nous receiver/transmitter) devices are shown In 
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Figure 2.7 and a method for1/0 Expansion is shown 
in Figure 2.8. 

The full-duplex serial I/O port provides asyn- 
chronous modes to facilitate communications with 
standard UART devices, such as printers and CRT 
terminals, or communications with other 8051s in 
multi-processor systems. The receiver is double 
buffered to eliminate the overrun that would occur if 
the CPU failed to respond to the receiver's interrupt 
before the beginning of the next frame. Double buffer- 
ing of the transmitter is not needed since the 8051 
0an generally maintain the serial Itnk at its maximum 
rate without it. A minor degradaiijesn Jn transmission 
jrate can occur in rare events s.U6ftJ@.ifhen the servic- 
m§ 0f the transmitter has to w»|fiiar<a< lengthy inter- 
frtopf service program to coilTptBte'ln^synchronous 
modesi false «tart-^bit rejection is prsvideel on re- 
ceived frames. For noise rejection a Uesttwo-out^of- 
three vote istal<en on three samples near the center 
of each received bit. 

When interfacing with standard UART devices the 
serial channel can be programmed to a mode (Mode 
1) that transmits/receives a ten-bit frame or pro- 
grammed to a mode (Mode 2 or 3) that transmits/ 
receives an eleven-bit frame as shown in Figure 2.9, 
The frame consists of a start bit, eight or nine data 
ibitsand a stop bit. In Modes 1 and 3, the transmission- 
rate timing clrquitry receives a pulse from counter 1 
msh time the counter overflows. TiSSiyiput to counter 
1 can be an external source or a division by 1 2 of the 
oseHlator frequency. The auto-reload mode of the 
ffiounter provides communication rates of 122 to 
pi ,250 bits per second (includingstart and stop bits) 
tera 12 MHz crystal. In Mode 2 1*ie communication 
Irate Is a division by 64 of the oscillator frequency 
yielding a transmission rate of 187,500 bits per 
second (including start and stop bits) for a 12 MHz 
crystal. 

Distributed processing offers a faster, more power- 
ful system than can be provided by a single CPU 
processor This results from a hierarchy of intercon- 
nected processors, each with lis own memories and 
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DATA 
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CLK STB 



Figure 2.8. I/O Expansion llSiBtimique 
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'.'^^r'Slaves — Configure serial po^l to interrupt 
CPU if the received ninth data bit 
is a one (1). 

,'2. Master— Transmit frame containing address 
in first 8 data bits and set ninth data 
bit (i.e. ninth data .designates 
address frame). 

3. Slaves— Serial port interrup'is CPU when 

address frame is received. Interrupt 
service program compares received 
. , address to its address. The slave 

,,£],-,, which has been addressed recon- 
figures its serial port to interrupt 
the GPU on all subs^uent trans- 
missions. 

4. Master— Transmit control frames and data 

frames (these will be accepted only 
by the previously addressed slave). 



Figure 2.10. Protocol for Multi-Processor 
Communicatlom 

I/O. In multiprocessing, a host 80Sl microcomputer 
controls a multiplicity of 8051s configured to operate 
simultaneously on separate portions of the program, 
each controlling a portion of the overall process. 
The interconnected 8051s reduce the load on the 
host processor and result in a low-cost system of 
data transmiss|ion. This form of distributed process- 
ing Is especially effective in systems where controls 
in a complex process are required at physically 
separated locations. 

In Modes 2 and 3 the automatic wake-up of slave 
processors through interrupt driven address-frame 
recognition is provided to facilitate interprocessor 
communications. The protocol for interprocessor 
communications is shown in Figure 2.10. 
In synchronous mode (Mode 0) the high speed serial 
port provides an efficient, low-cost method of expand- 
ing I/O lines using standard TTL and CMOS shift 
registers. The serial channel provides a clock output 
for synchronizing the shifting o't biti to/from an 
external register. The data rate is a division by 12 
of the oscillator frequency and is 1M bits per second 
at 12 MHz. ■ ' 

2.3 8051 FAMILY PIN DESOiMfiriON 

vss 

Circuit grodrfd-'potential. 

vcc 

+5V power supply during operatiiW, ■^Programming 
and verification. anp 

Porto , j 

Port is an 8-bit open drain ibidireGtional I/O port. 



It is also the multiplexed loworder adai^ess and data 
bus when using external memory. It is used for data 
input and output during programming and verifica- 
tion Port ca0 sink/soi^s^ two TTL loads. 

Porti ' ' " " , , ,,. 

Port 1 is ah 8-bit quasi-bidirectional I/O port. It is 
used for the low-order address byte during program- 
ming and verification. Port 1 can sink/source one 
TTL load. 

Port 2 

Port 2 is an 8-bit quasi-bidirectional I/O port. It also 
emits the high-order 8 bits of address whfsn accessing 
externa) memory. It is used for the high-order address 
an# iff^ ^ntrql signals during programming and 
verifid&fibh. Port 2 can sink/source one TTL load. 

Ports 

Port 3 is an 8-bit quasi-bidir|ctipnal I/O port. It also 
contains the interrupt, timer, l#fial |^rt and RD and 
WR pins that are used by various options. The out- 
put latch corresponding to a special function must 
be prograthmed to a one (1) for that function to 
operate. Port 3 can sink/source one TTL load. The 
special functions are assigned to the pins of Port 3, 
as follows: 

— RXD/data (P3.0), Serial port's receiver data input 
(asynchronous) or data input/output (synchro- 
nous). 

— TXD/clock (P3.1). Serial -poFt^ -transmitter data 
output (asynchronous) di?llB#^put (s^nfef»|5E>- 

nous). 

— INTO (P3.2). Interrupt input or gate control input 
for counter 0. 

— INT1 (P3.3). Interrupt 1 input or gate control 
input for counter 1. 

— TO (P3.4). Input to counter 0. 

— T1 (P35). Input to counter 1. 

— WR (P3.6). The write control signal latches the 
data byte from Port into the External Data 
Memory. 

^RD (P3.7). The read control signal enables External 
B^a Memory to Port 0. v ' ' ■' 

RST/VPD 

A low to high transition on this pin (at approximately 
3V) resets the 8051. If VpQ is held within its spec 
(approximately +5V). while Vqq drops below spec, 
VpQ will provide standby power to the RAM. When 
Vpp is low, the RAM's current is drawn from Vqq. 
A small internal resistor permits power-on reset 
using only a capacitor connee^fj^^o. >/qq. 

ALE/PROG 

Provides Address Latch Enable output used for 
latching the address into external memory during 
normal,, operrttan. J^eceives the pt^rgm .pulse 
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inptit during EPROIVI programming. 
PSEN 

Tlie Program Store Enable output is a control signal 
that enables the external Program Memory to the 
bus during normal fetch operations. 

ea/vdd 

Vy.hen held at a TTL high level, ,166. 8051 executes 
instructions from the internal MOIVi)EPROM when 
the PC is less than 4096. When held at a TTL low 
level, the 8051 fetches all instuctions from exterfial 
Program Memory. The pin also receives the 21V 
EPROM programming supply voltage. 

XTAL1 ^ \ " ■ [;[ ' 

fnpyt to the 'Oscillator's high fain aniplifier. A crystal 
or external source can be used. 

XTAL2 

g)^jtput from the oscillator's amplifier. Required when 
^'qtystai Is used., . ■■ - . 



•n 



8051 FAMILY DEVELOPMENT SYSTEM 
AND SOFTWARE SUPPORT 

The 8051 is supported by a total range of Intel de- 
velopment tools. This broad range of support 
shortens the product development cycle and thus 
brings the product to m^rKei sooner. 

• ASM51 Absolute macro assembler for the 8051. 

• C0NV51 8048 assembly language souree code 

to 8051 assembly source code conver- 
sion program, ' ' • 

• EM-SI .8051/8751 emulator Board that uses a 

modified 8051 aniJ an EPROM. 

• ICE-Sr" Real-time in-circuit emulator. 

*f 'tJPP-8051 PROM programmer personality card. 

• 8051 Workshop. 

8051 Software Development Package 
(ASMS1 and C0NV51) 

The 8051 software development package provides 
development system support for the powerful 8051 
family of single chip microcomputers. The package 
contains a symbolic macro assembler and a 8048 
to 8051 source code converter. This diskette-based 
software package runs under ISIS-II on any Intellec® 
Microcomputer Development System with 64K 
b>!te? of memory. 

t&m Maero Assembler (ASMSI) 

fh#8051 macro assembler translates symbolic 8051 



assembly language instructions into machine exe- 
cutable object code. These assembly language 
mnemonics are easier to program and are more 
readable than binary or hexidecimal machine in- 
structions. Also, by allowing the programmer to; 
give symbolic names to memory locations rathBrj 
than absolute addresses, software design mm 
debug are performed more quickly and reliably. 

ASiyi51 provides symbolic accessjoc^ie ma^ygp^j 
ful addressing methods in the 80&1' arohltfedspeJ 
which reference bit, nibble and byte locations. 

The assembler supports macro definitions and 
calls. This provides a convenient means of program- 
ming a frequently used code sequence only once. 
The assembler also provides conditional assembly 
capabilities. Cross referencing is provided in the 
symbol table listing, which shows the user the lines 
in which each symbol was defined and referenced. 

jf art^Ctel program cOrttaffis errors, "ftie assemblerj 
provides a comprehensive set of error diagnosti^M 
which are included in the assembly listing. 

The object code generated may be used to program 
the 8751 EPROM version of the chip or sent to 
Intel for fabricating the 8051 ROM version. The 
assembler output can also be debugged using the 
ICE-51 in-circuit emulator. 

8048 to 8051 Assembly Language 
Converter Utility Program (CONV51) 

The 8048 to 8051 assembly language converter Is 
a utility to help users of the MCS-48 family of micro- 
computers Upgrade their designs to the high per- 
formance 8051 architecture. By converting 8048 
source code to 8051 source code,-tl^e'#ivesfmerrt In 
software developed for the 8048-16 IWi(Bttained W-hen 
the system is upgraded. > ':}>■ 'O'c ?i n 



8051 Emulation Board^i 




The EM-51 8051 emulation board is a small (2.85" x 
5.25") board which emulates an 8031/8051/8751 
microcomputer using standard PROMs or EPROMs 
in place of the 8051 's on-chip program memory. The 
board includes a modified 8051 microcomputer, 
supporting circuits, and two sockets for program 
memory. The user may select two 271 6 EPROMs, a 
2732 EPROM, or two 3636 bipolar PROMs depend- 
ing on crystal frequency and power requirements. 

8051 In-Circult Emulator (ICE-51"') 

The 8051 In-Circuit Emulator resides in the Intellec 
development system. The development system 
interfaces with the user's 8051 system through an 
in-cable buffer box with the cable terminating in an 
8051 pin-compatible plug. Together these replace 
the 8051 device in the system. With the emulator 
plug in place, the designer can exercise the system 
in real-time 'wWW*^li!tlhg op to 255 instrtii^Hilt 
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cycles of real-time data. In addition, he can single 
step the system program. 

Static RAM memory is available in tie ICE-51 buffer 
box to emulate the 8051 's internal and external pro- 
gram memories and- external data memory. The 
d^sigtitr can display and alter the contents of the 
replacement memory in the ICE-51 buffer box, 
Internal 8051 registers, internal d&ta RAM, and 
Special Function Registers. Symbolic reference 
capability allows the designer to use:meaningful 
symbols provided by ASM51 rathei' tHan absolute 
values when examining and modifying these mem- 
ory, register, flag, and I/O locations in his system. 

Universal PROM Programm««' Personality 
Card (UPP-851) 

The UPP-851 is a personality card for the UPP-103 
UnivwsalPROM Programmer. THeMiiiversal PROM 



Programmer is an Intellec system peripheral cap- 
able of programming and verifying the 8751 when 
the UPP-851 is inserted. Programming and verifica- 
tion operations are initiated from the Intellec de- 
velopment system console and are controlled by«^ 
Universal PROM Mapper (UPM) program. 

8051 Workshop ^/r^ , , ,,■ 

The worl<shop provides the design engineer or 
system designer hands-on experience with the 8051 
microcomputers. The course includes explanation 
of the Intel 8051 architecture, system timing and 
input/output design. Lab sessions will allow the 
attendee to gain detailed familiarity with the 8051 
family and support tools/ ' ■ '-i-"'", , ■ 

INSITE™ Library 

This IRISITE Library contains 8051 utilities and 
applications programs. -_— 



ABSOLUTE MAXIMUM RATjNGS* 

Ambient Temperature Under Oiias ...^jCii^X 0°Cto70°C 

Storage Temperature. .--^C to +150° C 

Voltage on Any Pili Vtm 

Respect to Ground (Vgs) -0.5V to +7V 

Power Dissipation 2 Watts 

D.C. CHARACTERISTICS 

CONDITIONS: T^ = 0*6 TO TCC; Vqq = 5V ± 5%; Vss = 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated In the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con- 
ditms for 9xmdM periods miyjMiitsmljm^lisbilJty.^^ 
;i - -:t.' =iKn iwr' ' I'-'i''-. 



Symbol 


Parameter '- 


MIn 




Mnr 


Unite 




V|L 


Input Low Voltage (All except XTAL1) 


-0.5 




0.8 


V 




V|L1 


Input Low Voltage (XTALII 


-0.5 




TBD 


V 




V|H 


Input High Voltage 

(All Except XTALI, RST/VpD) 


2.0 




Vcc^O.5 


V 




V|H1 


Input High Voltage (XTALI) 


TBD 




VCC+0.5 


V 




V|H2 


Input High Voltage (RST) 


3.0 




Vcc 0-5 


V 




V|H3 


Input High Voltage (Vf^pT^ 


4.5 




5.5 


/. 


Power Down Ohiy 

(Vcc = 0) 


Vol 


Output Low Voltage 

(All Outputs Except Bottay - — 






0.45 


V 


IqL=2 mA 


VOLI 


Output Low Voltage (Port 0) 






0.45 


V 


IqI_ = 4 mA 


VOH 


Output High Voltage (All Outputs 
Except Port 0, ALE and PSEFI) 


2.4 






V 


IOH = "100'^A 




Output High Voltage (ALE and PSEN, 
Port In External Bus Mode) 


2.4 






V 


IOH=-400»/A 


"lO 


Pullup Resistor Current (PI, P2, P3) 






-250 


*iA 


.45V<V|NSVcc 


'loi 


Output Leakage Current «(P!tr " 






■ iilO- 




.45V<V|NS'VeiC 


Ice 


Power Supply Current 






150 


mA 


1/^^25° C 


IPD 


Power Down Supply Current 






20 


mA 


Ta=25°C, VpD=5V, 


C|o 


Capacitance Of I/O Buffer 






10 


PF 


fc=1MHz 
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A.C. CHARACTERISTICS 



^NDltlOR^: O^C Tbftf^ %c=5V+5% Port 0, ALE and PSEN Outputs - Cl = 150 PF; 

, . T .. ; M ^ All Other OuipuU - Cl = 80PF. : , ^ ; > * i ,i 

Program Memory CharacterMtesCC ^^'^ « ^'i^^^vwmf^ 



Symbol 


■■..'-.y-O':, 

Parameter 


12MHz Clock 


Variable Clock 
1/TCLCL=1.2 MH? to 12 MHz 


Min. 


Max. 


Units 


Min. 




Units 


TCLCL 


Oscillator Period : 3 




ns 






ns 


TCY 


Min Instruction Cycl^ Tirne - 


1.0 


y 








ns 


TLHLL 


ALE Pulse Width 


140 




ns 


2TCLCL-30 


i . - 


ns 


TAVLL 


Address Set Up To ALE 

.aili-ilC''.' — 


45 




ns 


TCLCL-40 




ns 


TLLAX 


Address Hold After ALE 


50 






TCLCL-35 








ns 




ns 


TPLPH 


PSEN Width 






lio 


3TCLCL-20 




ns 


TLHLH 


PSEN. ALE Cycle Time 


500 




ns 


6TCLCL «i 




ns ■ 


TPLDV 


PSEN To Valid Data Ir 




150 


ns 




3TCtipii*-«iQ 


ns 


TPHDX 


Input Data Hold After PSEN 







ns 





■ ■ ■ ^''^ tn ''. 


ns 


TPHDZ 


Input Data Float After PSEN 




75 


ns 




TCLCL-IO 


ns 


TAVDV 


Address To Valid Data In 




3^ 


. ns 




5TCLCL-I9O 


. OS 




ijk^dwss Float To PSEN^; 





n^.-:fl 


ns 


■'9?:,-. -.1= 


^ r 




>■ L) U- j (r JATX r; 
CJ-. 

Siternal Data Memory Characteristics ~ 


Symbol 


Parameter 


12MHz Clock 


Variable Clock 


Min. 


Max. 


Unite 


Min. 


Max. 


Units 


TRLRH 


RD Pulse Width 


400 




ns 


6TCLCL-100 




ns 


?WLWH 


WR Pulse Width 


400 




ns 


6TCLPL-100 




ns 


IRLDV ■ 


ROTO Valid Data In 




250 


ns 




5TCLCL-170 


ns 


















TRHDX 


Data Hold After RD 







ns 


^ 




ns 


TRHDZ 


Data Float After RD 
: 1.1- i , — J"-*- ' ■ 




100 


ns 




2TCLCL-70 


ns 


TAVDV 


Address To Valid Data In' " 






ns 




9TCLCL-150 


ns 


TAVWL 


Address To WR or RC) 


200 




ns 






ns 


TQVWH 


Data Setup Before WR 


400 


ft 


t& 


7TCLGL-180 




ns 


TWHQX 


Data Held After WR 


80 




ns 


2TCLCL-90 




ns 



NOTE: 

IThwa are Z ff:^ 8: ALEcycles per instruetieo^eioclts and state timing are shown on the tlrnitif !Cliag.r^:f^«|te;!()gg|||{^j^gB on^; They are 
heHiecessible outside the padu^ei^^y'tMhe-minimum Instruetien cyde time which eensists of IZ-eseilMor eiseks or tw^ 
Address setiip and Jtold time friom ALE are^fie same for data and program m^ory' 
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T12 T1 T2 T3 T( T5 T6 



X 



T7 T8 T9 T10 Til T12 



ADDRESS A^5-Ag 



5<: 



r 



INSTR IN 



i > ^ ■ *7-Ao FLO«^ ( ^INSTH IN | T\jaK' 



Program Memory Read Cycle 



J V 
7 ' 



X 



PORT (I ^ INSTR IN FLOAT^ *7-*^ 



ADDR^ *1S-As 



/ \SFRP 



ADDRESS OR 



Data Memory pead Cycle 



7 \. 

7 







PORT 2 


\ 






PORtO ^ INSTR IN 


FLOAT^ 



XI 



ADDRESS kfs*t 



^PRESSOR 




Data Memory: Write, Cycle 
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Notes on instruction set and addressing modes: 

Rn —Register H7-R0 of the currently selected Register Bank. 

data — 8-b)t internal data location's address. This could be an 
Internal Data Ram location (0-127) or a SFR (i.e. I/O 
port, control register, status register, etc. (128-255). 

@Ri —8-bit Internal Data RAM location (0-255) addressed in- 
directly through register R1 or RO. 

#data —8-bit constant included in instruction. 

#data16 —16-bit constant included in instruction. 

addrie —16-bit destination address. Used by LCALL & LJMP. A 
branch can be anywhere within the 64K-byte Program 
Memory address space. 

addrll —ll-bit destination address. Used by ACALL & AJMP. The 
branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 

rel —Signed (two's cwnplement) 8-b t offset byte. Used l>y 

SJMP and all conditional jumps. Range is -128 to +127 

r- : : . bytes relative to first byte of the following instruction. 

bit —Direct Addresswl bit in Internal* Datsr RAM or Special 

Function Register. 
—New operation not provided by 8048/8049. 



Data Transfer 














Oscillator 


Mnemonic 


DMcripUon 


Bytes 


Periods 


MOV A,Rn 


Move register to A 




12 


'MOV A, data 


Move direct byte to A 




12 


MOV A.@Ri 


Move indirect RAM to A 




1 2 


MOV A,#data 


Move immediste data to A 




1 2 


MOV Rn,A 


Move A to register 




1 2 


*MOV Rn.data 


Move direct byte to register 


2 


24 


MOV Rn,#data 


Move immediate data to 


2 


12 




reg ister 






•MOV data, A 


Move A to direct byte 


2 


12 


*MOV data.Rn 


Move register to direct l^yte 


2 


24 


•MOV data. data 


Move direct byte to direct 


3 


24 




aAUdi • ^■ 








Move inoirect ham to direct 




24 










*MOV data,#data 


Move immediate data to 


3 


24 




direct byte 






MOV @Ri,A 


Move A to indirect RAf^ 


1 


1 2 




Move direct byte to indirect 


2 


24 




RAM 






MOV @Ri,#data 




2 


12 




indirect RAM ~ 








Move 1 6-bit constant to Data 






#data16 


Pointer 






'MOV C.bit 


Move direct bit to carry 


2 


12 


•MOV bite 


Move carry to direct bit 


2 


24 


■MOVC A.(a)A + 


Move Program Memory byte 


1 


24 


DPTR 


addressed by A+DPTR Id A 






•MOVC A,@A+PC 


Move Program Memory Isyte 


1 


24 




addressed by A+PC to A 






MOVX A.@Ri 


Move External Data (8-bit 


1 


24 




address) to A 






•MOVX A.@DPTR 


Move External Data (16-bit 


1 


24 




address) to A 






MOVX @Rj.A 


Move A to External Data 


1 


24 




{8-bit address) 






•MOVX @DPTR,A 


Move A to External Data 


1 


24 




(16-bit address) 






• PUSH data 


Move direct byte to stack 


2 


24 




and inc. SP 






• POP data 


Move direct byte from stack 


2 


24 




and dec. SP 






xcm^Rft 


Exchange register with A 


,1 


12 


'XCHA.data 


Exchange direct byte with A 


2 


12 


XCH A.@Ri 


Exchange indirect RAN/ 


1 


12 




with A 






XCHD A.@Ri 


Exchange indirect RAM's 


1 


12 




least sig nibble with A'e LSN 







Interrupt Response Time: To finisti execution SnSff^ii&'lHljfrucfiofir" " 
respond to the Interrupt request, push the PC and to vector to the first 
Irntruftian of theinterrupt service progmffl'rsquiiM 381»81 oscillate 
periods (3 to 7 ija @12MHz). 

INSTRUCTIONS THAT AFFECT FUVG SETTINGS' 



INSTRUCTION 




FLAG 




INSTRUCTION 




FLAG 




C 


OV 


AC 







OV AC 


ADD ■ • 


X 


X 


X 


CLR C 







ADDC 


X 


X 


X 


CPL C 


X 




SUBB 


X 


X 


X 


ANL C. bit 


X 




MUL 





X 




ANL C,/blt 


X 




01V„.._ 








A. 




DA 


X 






onLcybit 


X 




RHC 


X 






MOV C, bit 


X 




RLC 


X 






CJNE 


X 




SETB C , 


1 













>Note ihtA operaUo^Sj on SFR.byte address ^ or bit actdresses 209- 
215 (lie, the PgW oriMta in the PSlV^Q wlir alao atfeet flag aetttnga. 



Logic 

Oscillator 



Mnemonic 


Oescriptlon 


Bytes 


Periods 


ANL A,Rn_ 


AND register to A 


1 


1 2 


' ANL A.data 


AND direct byte to A 


2 


12 


ANL A.@Ri 


AND Indirect RAM to A 


1 


12 


ANL A.ftdata 


AND immediate data to A 


2 


12 


•ANL data, A 


AND A to direct byte 


2 


12 


•ANL data,#data 


AND immediate data to direct 


3 


24 




byte 






•ANL C.bit 


AND direct bit to carry 


2 


24 


* ANL C./bit 


AND compl^ent of direct bit 


2 


2#'<^ 




to carry 






ORL A.Rn 


OR register to A 


1 


1 2 


• ORL A.data 


OR direct byte to A 


2 


1 2 


ORL A,@Ri 


OR indirect RAM to A 


1 


12 




OR immediate data to A 


2 




■ ORL data.A 


OR A to direct byte 


2 


12 


•ORL clata,#data 


OR immediate data to direct 


3 


24 




byte 






■ ORL C.bit 


"Or direct bit to carry 


2 


24 


•ORClMllli:-' „, 


OR comple/nent of direct bit 


2 


t* 




to carry 






XRL A.Bn 


Exclusive-OR register to A 


1 


12 


■XRL A.data 


Exclusive-OR direct byte to A 


2 


12 


XRL A,@Ri 


Exclusive-OR indirect RAM 


1 


12 


XRL'X:#&\f^ 


^ A 

ExCliisive-OR immediate 


2 


12 




data to A 






■XRL data.A 


Exclusive-OR A to direct byte 


2 


12 


•XRL data.#data 


Exclusive-OR immediate 


3 


24 










•SETB C 


Set carry s 


1 


12 


• SETB bit 


Set direct bit 


.2 


12 


CLR A 


Clear A 




12 


CLR C 


Clear carry 




12 


• CLR bit 


Clear direct bit 




12 


CPL A 


Complement A 




12 


CPL C 


Complement carry 




12 


■ CPL bit 


Complement direct bit 




12 


RL A 


Rotate A Left 




12 


RLC A 


Rotate A Left through carry 




12 


RR A 


Rotate A Right 




12 


RRC A 


Rotate A Right through carry 




12 


SWAP A 


Rotate A left four (exchange 




12 




nibbles wilhin A) 







All mmmonlca copyrighted^ Intel Corporation 1980. 
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8031/8051/8751 



ArittiiMHe 









Oscillator 


Mnemonic 


Description 


Bytes 


Periods 


ADD A.Rn 


Add register to A 


1 


12 


-ADD A.data 


Add direct byte to A 


2 


12 


ADD A,@Ri 


Add Indirect RAM to A 


1 


12 


ADD A.«data 


Add immediate data to A 


2 


12 


ADDC A.Rn 


Add register and carry flag to A 


1 


12 


■ADDC A.data 


Add direct byte and carry flag 


2 


12 




to A 






ADDC A,@Ri 


Add Indirect RAM and carry 


1 


12 




flag to A 






ADDC A,*data 


Add immediate data and cany 


2 


12 




flag to A 






'SUBB A.Rn 


Subtract register and carry flag 


1 


12 




from A 






'SUBB A.data 


Subtract direct byte and carry 


2 


12 




flag from A 






■SUBB A,@RI 


Subtract indirect RAM and 


1 


12 




carry flag from A 






'SUBB A.*data 


Subtract immediate data and 


2 


12 




cany flag from A 






INC A 


Incrsment A 


1 


12 


INC Rn 


Increment register 


1 


12 


•INC data 


Increment direct byte 


2 


12 


INC @RI 


lnoi«ment indirect RAM 


1 


12 


DEC A 


Decrement A 


1 


12 


DEC Rn 


Decrement register 


1 


12 


'DEC data 


[Recrement direct byte 


2 


12 


•DEC @Ri 


Decrement indirect RAM 


1 


12 


•INC DPTR 


Increment Data Pointer 


1 


24 


'MUL AB 


Multiply A times B 


1 


48 


•DIVA8 


Divide A by B 


1 


48 


DA A 


Decimal add Adjust of A 


1 


12 



Other 

Oscillator 

Mnemonic Oeacriptlon Bytes Periods 

NOP NoOperaBon 1 12 



Conmst TraMfer f Bitaniilty 












Oscillator 


Mnemonic 


Description 


Bytes 


Periods 


AJMP addr 11 


Absolute Jump 


2 


24 


'LJMP addrie 


Long Jump 


3 


24 


'SJMP rel 


Stiort Jump 


2 


24 


•JMP ©AfDPTR 


Jump indirect relative to 


1 


24 




the DPTR 






JZ rel 


Jump if A Is zero 


2 


24 


JNZ rel 


Jump if A is not zero 


2 


24 


JO rel 


Jump if carry is set 


2 


24 


JNCrei 


Jump if carry is not set 


2 


24 


'JB bit.rel 


Jump relatiw if direct t>it 


3 


24 




is set 






•JNB bit.rel 


Jump relative if direct bit 


3 


24 




Is not set 






■JBC bit.rel 


Jump relative If direct bit 


3 


24 




is set, then clear bit 






•CJNE A.data.rel 


Compare direct byte to A 


3 


24 




& Jump if not Eq. 








See Note a. 






•CJNE A.lfdata.rel 


Compare immed. to A & Jump 


3 


24 




if not Eq. See Note a. 






•CJNE Rn.»data, 


Compare immed. to reg & 


3 


24 


rel 


Jump if not Eq. See Note a. 






•CNJE@Ri, 


Compare immed. to Indirect 


3 


24 


#data,rel 


RAM & Jump if not Eq. 








See Note a. 






DJNZ Rn.rel 


Decrement register & Jump 


3 


24 




if not zero 






■DJIi£e<iali^«el 


Decrement direct t>yte & 


3 


24 




Jump if not zero 






Note a) Set C if the first o|>erBnd Is less than the second operand: 


else clear 









Control Transfer (SubrouUne) 




OsclHatar 


Mnemonic Oescrlptton 


Bytes 


Periods 


ACALL addrl 1 Absolute Subroutine Call 


2 


24 


LCALL addrie Long Subroutine Call 


3 


24 


RET Return from Subroutine Call 


1 


24 


RETI Return from Interrupt Call 


1 


24 



All mnemanlcs eepyrfghtedc Intel Coliponilion 1980. 
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■': or fire 
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t 



1 




2114A 

1024 X 4 BIT STATIC RAM 





2114AL-1 


2114AL-2 


2114AL-3 


2114AL-4 


2114A-4 


2114A-S 


Max. Access TTme (ns) 


100 


120 


150 


200 


200 


250 


Max. Current (mA) 


40 


40 


40 


40 


70 


70 



HMOS Technology 
Low Power, High Speed 
Identical Cycle and Access Times 
Single +5V Supply ±10% 
Hlgli Denstly 18 Pin Package 



Completely Static IMemory - No Clock 
or Timing Strobe Required 

Directly TTL Cdiipatibie: All Inpliit 
and Outputs . ,j „^ 

Common Data Input and Oulp^t^yirti^ 
Three-State OutfiUts i 



The Intel® 2114A is a 4096-blt static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per- 
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore It 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructlvely and has the same polarity as the input data. Common input/output pins are provided. 

The 2114A is desisfned for memory spWieations where the high performance and high reliability of HMOS. low post, large bit 
^toragei and simille interfacing are irrtportaht design objectives. The 2114A is placed in an 18-pin package for the tvighest 
possible density. i 



It is directly TTL compatible in all respetcts: inputs, outputs, and a sirrgle +5V supply. A 
easy selection of an individual package when outputs are or-tied. 



hl|3 Sdl^t'(CS) leadlU^ 



PIN CONFIGURATION 



LOGIC SYMBOL 



BLOCK DlAGnAM 



SC. 


1 ta 


□ Vcc 




A. 








2 17 






*1 


I/O, 






3 16 






*2 








4 15 


□ s 




*3 


I/O2 






5 2114A14 


□ i/o, 




\ 






MI 


6 13 


□ i/o, 




*5 
As 


I/O3 






7 12 


□ i/a, 




A7 








8 11 


ZZ||'°< 




*8 


I/O, 






» 10 






A, 


cs 



















®_ 



® 



® 



@ 



ROW 

SELECT 



MEMORY ARRAY 
64 ROWS 
S4 COLUMNS 



® 

GND 



®_ 



I/O3 
1/64 



® 



® 



INPUT 
DATA 
CONTROL 



COLUMN I/O CIRCUITS 



COLUMN SELECT 



Jm 




PIN NAMES 



Aj-A, ADDRESS INPUTS 


V(.(. POWER (+5V) 


WE WRITE ENABLE 


GMD GROUND 


55 CHIP SELECT 




1/0,-1/0, DATA INPUT/OUTPUT 





INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUmyOTHERTHAN CIRCUITRY EMBODIED INAN INTEL PRODUCT. NO OTHER GIRCUIT PATENT UCENSES ARE IMPLIED. 
*INTEL GORPORATION. 1977, 1979 DECBUBER. 1979 
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2114A FAMILY 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias -10°C to SO°C 

Storage Temperature -65° C to 150°C 

Voltage on any Pin f i. ? 

Witii Respect to Ground ...... -3.5V to +7V 

Power Oissipt^ion — LOW 

D.C. Output Qurrenti. . , . ; . . .a^ . .i.tt. 5mA, 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation olthe device 
at these or any other conditions at>ove those indicated in the 
operational sections of this specification is not implied. Ex- 
- posure is not imptied. Exposure to absolute maximum rating 
ij\i6iitlHi^ -tPtiMltiMed fiieriods may affect device reliability. 



0,C. AND OPERATING CHARACTERISTICS 



SYIUBOL 


PARAIMETER 


„t'»i 1 

iatl4*|l:-1/L-2/L-3/L-4 
lyiin. Typ.ni Max. 


2114A-4/-S 

Min. Typ.l 1 1 Max. 




dONDITIO(iils»*OJ ■ 


"li 


Input Load Current 
(All Input Pins) 


10 








HloI 


I/O Leakage Current 


10 


10 




— - : . -^ryj.-^ j> 

CS = V,H 

V|/o = GND to VCC M 


Ice 


Power Supply Current 


25 40 

-■ 


50 70 


mA 


Vcc = max, 1 I/O = mA, 
Ta = 0°iC ;t 


VlL 


Injnit l.,oi^,Yolt9ge 


,,rn5^Q,^, 0.8 


-3.Q ; 0.8 


V 




V,H 


Input High Voltage 


2.0 6.0 


2.0 6.0 


V 




lOL 


Output Low Current 


2.1 9.0 


2.1 9.0 


mA 


Vol = 0.4 V 


lOH 


Output High Current 


-1.0 -2.5 


-1.0 -2.5 


mA 


Vqh = 2.4V 




Output Short Circuit 
Current 


40 


: ; 40 


ruA ; 





NOTE: 1. Typical valuesare for = 25°Cand Vqg = 5.0V. 
2. Duration not to exceed 30 seconds. 



)- 



CAPACITANCE 

Ta = 25''C, f = 1.0 MHz 



( ft... 



SYMBOL 


TEST 


MAX 


UNIT 


CONDITIONS 


C|/o 


Input/Output Capacitance 


5 


pF 


V|/o = OV 




Input Capacitance ] :~ 

' * 


5 




V|N=ov 4. 


note: Thii^piib 


t , - 

Tieter is periodically sampled and ;not 100% tested. 

t 

1 


-rf- - 





ii.ffi si. -■• 

■•t - 

I ' 

'[':-- 



A.C. CONDITIONS OF TEST ■ i.^. 

InpuliPulse Levels 0.8 Volt' to 2.0 Volt 

Input Rise and Fall Times 10 nsec 

Input and Output Timing Levels 1.5 Volts 

Output Le ad 1 TTL Gate and Cl = 100 pF 

8-2 



,.■■'.01.., flnit 



2114AF^I(ht^ 



A.C. CHARACTERISTICS Ta = 0°C to 70»C, Vcc = 5V + unless otherwise noted. 



. . .\: • ajii' odiLi. 

READ CYCLE " 3iwTjd»\fjq'!u: 



iVilBOL 


PARAIMETER 


2114AL-1 
Min. Max. 


2114AL-2 
Min. Max. 


2114AL-3 
Min. Max. 


2114A-4/L-4 
Min. Max. 


2114A-5 
Min. Max. 


UNiT 


tflC 


Read Cycle Time 


100 


120 


150 


200 


250 


ns 


tA 


Access Time 


100 


120 


150 


200 


250 


ns 


tco 


Chip Selection to Output Valid 


70 


70 


70 


70 


85 


ns 


tcx 


Chip Selection to Output Active 


10 


10 


10 


10 


10 


ns 


toTD 


Output 3-state from Deselection 


30 


35 


40 


50 


60 


ns 


toHA 


Output Hold from 
Address Change 


15 


15 


15 


15 


15 


ns 



WRITE CYCLE I^l 







2114AL-1 


2114AL-2 


2114AL-3 


2114A.4/L-4 


2114A-5 




SYMBOL 


PARAMETER 


Min. Max. 


Min. Max. 


Min. Max. 


Min. Max. 


Min. Max. 


UNiT 


twc 


Write Cycle Time 


100 


120 


150 


200 


250 


ns 


tw 


VVnle Time 










135 


ns 


twR 


Write Release Time 

















ns 


toTW 


Output 3-state from Write 


30 


35 


40 


50 


60 


ns 


taw 


Data to Write Time Overlap 


70 


70 


90 


120 


135 


ns 


toH 


Data Hold from Write Time 

















ns 



I 

NOTES: I ■ ^ _ . I s 

1. A Read opcura during the overlap of a Iqw_CS and a high WE. ; < i 

2. A Write occurs during the overlap of a low CS and a^lbw WE. tyy is measured from the latter of C§ or wS goingJow tG^ttxe^«W!^)$^t2^^9^ going high. 



WAVEFORMS 

HEAO CYCLE® 



WRITE CYCLE 



* tCO^ *■ 'DTD 



Dour 



7777777 



-H loHA-f— H 



NOTES: I 

3. WE is high for a Read Cycle. 

4. If the CS low transition occurs simultaneously with the WE low 
tra nsition, the output buffers remain in a high impedance state. 

5. WE must t>e high dunng all address transitions. 



IDC 



jnumumL 



NORMAUZEO ACCESS TIME VS. 
SUPPLY VOLTAGE 



NOmUUZED ACCESS TWE VS. 
AMBIENT TEHPEMTlire 




intel 



231 6E 
16K (2Kx8) RdM 



■ Fast Access Time— 4S0 ns Max. 

■ Single +5V± 10% Power Supply 

■ Intel MCS 80 and 85 Compatible 

■ Three Programmable Chip 
Selects for Simple Memory 
Expansion and System interface 



* EPROM/ROM Pin CompatibW for 
rviCost-Effective System 
development ' i«>' 

■ Completly Static Operation 

■ Inputs and Outputs TTL_ 
Compatible 

■ Three-State Output for Direct 
Bus interface :; • 



The Intel® 2316E is a 16,384-bit static, N-channel MOS read only mennory (ROM) organized as 2048 words by 8 bits. Its 
high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and 
TTL input/output levels allow for ditisetinlerface with common system bus structures. The ^16E single +5V power supply 
and 450 ns access time are both ideal for usage with high performance microcomputers such » the Intel M^^^-SO and 
MCSTM^S devices. -.yr^^.T> . . ■ 

A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV 
EPROM for prototyping and the lower cost 2616 PROM and 2316E ROM for production. The three 2316E programmable 
chip selects may be defined by the user and are fixed during the masking process. To simplify the conversion from 
2716 prototyping to 2316E production, it is recommended that the 2316E programmable chip select logic levels be 
defined the same as that shown in the below datasheet pin configuration. This pin configuration anB these chip select 
logic levels are the same as the 2716. 



PIN CONFIGURATION 



BLOCK DIAGRAM 




PIN NAMES 



1 Ao-AlO 


AOORESS INPUTS 


D7-D0 


DATA OUTPUTS 


1 CSi-«S3 


CHIP SELECT INPUTS 



Do Dl 02 D2 U4 D5 Dfj O7 



Ac - 
As - 



OUTPUT BUFFERS 



II I M I I I 



16. 384 BIT 
CELL MATRtX 



L±J. 



CHIP 
SE I ECT 



♦ t ♦ 



CHIP 
SELECT 
INPUT 
BUFFERS 



■ 55, 



■C5, 



■ CS3 



2316E 



ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias -10°C to 80°C 

Storage Temperature -65°C to +1 50°C 

Voltage On Any Pin With Respect 

to Ground -0.5V to +7V 

Power Dissipation 1 .0 Watt 



'COMMENT: Stresses above those listed under "Absolute Maxi- 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at any other conditions above those indicated in the operationel 
sections of thif specif icstion it not implied. Exposure to abaqlHM 
maximum r«ti^ conditions for extended periods may aff act dlt*l<i|l 
reliability. 



D.C. AND OPERATING CHARACTERISTICS 

T;^^«0''Ct9+70°<:, Vcc = 5V±1(^,llB^ otherwise specified. ,- >. . , . , ;- ^ » 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP.I1> 


MAX. 


Ili 


input Load Current 
(All Input Pins) 






10 




V|N = 0to 5.25V 


Iloh 


Output Lealoge Current 






10 


ma 


Chip Deselected, Vqut = 4.0V 


Ilol 


Output Leakage Current 






-20 


ma 


Chip Deselected, Vqut = O-^V 


'cc 


Power Supply Current 




120 


mA 


All Inputs 5.25V Data Out Open 


V|L 


Input "Low" Voltage 


-0.5 




0.8 


V 




V,H 


Input "High" Voltage 


2.4 




Vcc+I.OV 


V 




Vol 


Output "Low" Voltage 






0.4 


V 


loL = 2.1 mA 


VOH 


Output "High" Voltage 


2.4 






V 


'oh =- 400 mA 



NOTE: 1. Typicaf vaiuat for Ta ' 2^C and npfQjoai supply voltage. 



a!c. CHARACTERISTICS 

Ta = O'C to -t-Ta'C, Vcc = +5V ±10%, Unless otherwise specified. 



SYMBOL 


PARAMETER 


LIMITS 


UNIT 


MIN. 


MAX. 




Address to Output Delay Time 




450 


ns 


tco 


Chip Select to Output Enable Delay Time 




120 


ns 


tOF 


Chip Deselect to Output Data Float Delay Time 


10 


100 


ns 



CONDITIONS OF TEST FOR CAPACITANCE**' Ta = 25°C, f = i MHz 

A.C. CHARACTERISTICS 

Output Load 1 TTL Gate and Cl = 100 pF 

Input Pulse Levels . i_, .0.8 to 2.4V 

Input Pulse Rise and Fall. Times (10% ^90^) 20 ns 

Timing Measurement Reference Levd 

Input IV and 2.2V 

Ou^ '. . ^ .'. 0.8V and 2.0V 

, NOTE: 2. This parameter it periodically sampled and is not 100% 

tested. '~ " ' 



SYMBOL 


■ '^i 


LIMITS 




TYP. 


MAX. 


C|N 


All Pins Except Pin Under 
Test Tied to AC Ground 


5pF 


10 pF 


CoUT 


All Pins Except Pin Under 
Test Tied to AC Ground 


10 pF 


15pF 
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JLC Waveforms 



X 



PROGR*imiULE 
CHIP SELECTS 




J( 



Wm/U/JIMMg 

////// OUTPUT HIGH IMPEDANCE VV/ 

""mmmm 



Typical $ysliilli Application (8K x 8 ROM Memory) 



ADDRESS BUS 



Kyi / . 



CONTROL BUS 



n 



"TV 



MCS«> 
SYSTEM 
BUS 



CHIP 
SELECT 
DECODER 
(INTEL 
82051 



C52 
CS3 



C52 

CS3 



CS2 
CS3 



►C CS2 
— CS3 



ROM 



AFN-O0eB4A-03 



Intel 



2708 

8K (1K X 8) UV ERASABLE PROM 





Max. Power 


Max. Access 


2708 


_:.,.OrnW 


450ns 


2708L 


425 mW 


450ns 


2708-1 


800 mW 


350ns 


. 2708^ 


800mW 


SSOns 



Ik Low Power Dissipation — 425 mW 
Max. (2708L) 

■ Fast Access Time — 350 ns IMax. 
(2708-1) 

Static — - No Clocks Required 



OtlUt Inputs and Outputs TTL 
Compatible during both Read and 
Program Modes 

Three-State Outputs — OR-Tie • 
Capabiiity 



The Mel'^ 2708 Is an 8192-bit ultraviolet light erasable and electrically reprosrammabla EPROM, Ideally suited WtlM$ 
|8#t turnaround and pattern experimentation are important requirements. Ail data inputs and outputs are TTL com- 
p^ble during both the read and program modes. The outputs are thre*«tate, allowing direct interface with common 
system bus structures. 

The 2708L at 425mW is available tor E;ystems requiring lower power dissipation than from the 2708. A power dissipation 
savings of over 50% without any sacrifice in speed is obtained with the 2708L. The 2708L has high input noise immunity 
and is specified at 10% power supply tolerance. A high-speed 2708-1 is also available at 350ns for microprocessors 
requiring fast access times. 

The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line 
package. 



A.C 

*3i: 
A,i: 

(LSB) Ao C 
(LSBl 00 C 



PIN CONFIGURATION 



BLOOK DIAGRAM 



J« □vtc 

23 □a, 

22 Da. 

21 □>*« 

20 □^/WE 

19 □m» 

IS ^PROGDAM 

15 ^Os 
14 ^04 
13 303 



PIN NAMES 



Ao-A, 


ADDRESS INPUTS 


0,0, 


DATA OUTPUTS/INPUTS 


SAVE 


CMIPSEtECT/WRITE ENABLE INPUT 



0(Ht>7 



CHIP SELECT 
LOGIC 



WWW 



OUIHUT BUFFERS 



Pm CC4«NECTli}N DURING READ OR PROGRAM 





PIN NUMBER 






ADDRESS 
















DATA I/O 


INPUTS 
















9 11. 


18. 


Vss 


PROGRAM 


Vdo 


CS/WE 


Vbb 


Vcc 




13 17 


22, 23 


12 


18 


19 


20 


21 


24 


RtAD 


□out 




GND 


GND 


+12 


V,L 


-5 


+5 


DESELECT 


HIGH IMPEDANCE 


DON'T CARE 


GND 


GND 


+ 12 


VlH 


-5 


+5 


PROGRAM 


0|N 


A|N 


GND 


PULSED 
26V 


+ 12 




-5 


+5 



INTEL COBPORMIOII ASSUMES NO BESfONSIBlUTY FM THE USE OF AIIY CIRCUITRY OIBt^ i'. : K- 'm mmmm tX l"TEL PRODUCT. HO OTHER CIRCUIT PHENT LICENSES ABE IMPLIED 
© INTEL CORPORATKW. 1980 „ „ Januaryl980 
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2708 FAMNLY 

PROGRAMMING ~ 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 
Absolute Maximum Ratings* 

Temperature Under Bias -25°C to +85°C -COMMENT "' 

Storage Temperature " ; -65°C to +1 25°C Stresses above those listed under "Absolute Maximum 

Vdd With Respect to Vbb ' +20V to -0.3V Ratings" may cause permanent damage to the device. 

Vcc and Vss With Respect to Vge +15V to -0.3V ™' ' ''''"^ ^"^ '"nctional operation 

„ .. . ... , „ of the dewica at theseof any other conditions above 

All Input or Output Voltages With Respect , indi«.«^# ^^timri sections of this 

to Vbb During Read +15V to -0.3V specif icatioli^wjiiiirt-'iHSpi»«i: riwsure to absolute 

CS/WE input With Respect to Vbb rraximum ratingconditionsfor extended periods mav 

r During Programming +20V to-0.3V affect device reliability. 

ffbgram Input With Respect to Vbb +^V,fo^d3V ■ ju.^ ' 

l^wer Dissipation .-; . . ''1.5W -. " 

g'' ' - ' . " ' " ' _ ^ ' 

DC. AND A,C.OPERATrNG CONDITIONS DURING READ ilUr; 





2708 


2708-1 


2708-6 


2708L 


Temperature Range 


0°C-70°C 


0°C-70''C 


0°C-70°C 


0°C-70°C 


Vcc Power Supply 


5V±5% 


5V ± 5% 


5V±5% 


5V±10% 


Vqq Power Supply 


12V±5% 


12V ±5% 


12V ±5% 


12V ±10% 


Vbb Power Supply 


-5V±5% 


-5V*5% 


-5V±5% 


-5V±10'i'o 



READ OPERATION ' " = 

|iE0^»ND OPERATING CHARACTiM^TCS 



Symbol 


Parameter 


2708, 2708-1, 2708-6 Limits 


2708L Limits 


Units 


Test Conditions 


Mln. Typ.l21 Max. 


Mln. TypJ^ Max. 


lu 


Address and Ctilp Select Input Sink 
Current 


1 10 


1 10 


uA 


V,N = 5.25V or V|n=V|l 


Ilo 


Output Leakage Current 


1 10 


1 10 


cA 


VouT = 5.5V, CS(WE = 5V 


IddPI 


Vqq Supply Currerit 


60 65 


21 28 


mA 


vuorst Case Supply Currents'*' 


IccPl 


Vcc Supply Current 


6 10 


2 4 


mA 


All Inputs High; 


IbbI31 


Vgg Supply Current 


30 45 


10 14 


mA 


CSWE = 5V:Ta = 0"C 


VlL 


Input Low Voltage 


Vss 0.65 


Vss 0-65 


V 




V|H 


input High Voltage 


3.0 Vcc+1 


2.2 Voc+l 


V 




Vol 


Output Low Voltage ' 

' ...6 


0:45 


0.4 


V 


Iql = 1.6mA (2708, 2708-1, 2708-6) 


loL=2mA(2708L) 


VOHI 


Output High Voltage . . p 


3.7 


3.7 


V 


Ioh=-100mA 




output High Vbltage ' ' 


2.4 


2.4 


V 


loH=-lmA 


PD 


Power Dissipation 


800 


325 


mW 


Ta = 70-C 




425 


mW 





NOTES: 1. Vbb "lust be applied prior to Vcq and yoa- ^bb must also be the last power supply switched off. 

2. Typical values are for = 25'C and nominal supply voltages. 

3. The total power dissipation is not calculated by summing the various currents duo, lcc<Ohd Iga) >f ultlplled by their respective vol- 
tages since current paths exist between the various power supplies and Vss- The IpQ, Icci^nd ige currents should b« used to deter- 
mine power supply capacity only. 

4. Ibb for the 2708L is specified in the programmed state and Is 18mA maximum in the unprogrammsd state. 
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2708 FAMILY 



RANGE OF SUPPLY CURRENTS 
VS. TEMPERATURE 




A.C. CHARACTERISTICS 



2708, 270«-1, •imm^.■,^^^ : j» 
RANGE OF SUPPLY CURRENTS 
VS. TEMi^RATURE 



ACC^ TIME VS. TEMPERATURE 




im. 


LOW * 1« 

















































Symbol 


Parameter 


2708, 270BL Umlts 


2708-1 Limits 


2708-6 Limits 


Units 


Min. 


Max. 


MIn. 


Max. 


MIn. 


Max. 


*ACC 


Address to Output Delay 




450 


2311 




1-.'-. 


550 


ns 


*co 


Chip Select to Output Delay 




120 




120 




160 


ns 




Chip Deselect to Output Float 





120 





120 





160 


ns 


*0H 


Address to Output Hold 

















ns 



r 



_) 



CAPACITAIMCE''" Ta = 25°C, f = 1 MHz 



Symbol 


Parameter 


Typ. 


Max. 


Unit. 


Conditions 


C|N 


Input Capacitance 


4 


6 


pF 


V|N = 0V 


CouT 


Output Capacitance 


8 


12 


PF 


VouT = OV 



NOTl: 1. this parametw'ls psriod|oally mlptod and Is not 100% tested. 



A.C. TEST CONDITIONS: ail 

Output Load: 1 TTLg^ and CL^tOO pF 

Input Rise and Fall Times: <20 ns 

Timing IVIeasurement ^Baferen^ Levels: 0.8V^nd 

2.8V for^lRpjlTMi? 5id 2.4y 
Input PulsrttMitsr-^SV to 3.0V 




ADDRESSES 

WO 



■A1- 



3:- 



NOTES: 



a 



ADDRESSES 
VALID 




-ii- 



X 



tDFM — 

■ti:i tJ^ 



/ 'in Cc3 — 



VALID OUTPUT 




2. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM AND ARE MSEC . 
UNLESS OTHERWISE SPECIFIED. 

3. CS MAY BE DELAYED UP TO lACO-tCO AFTER ADqpESSES ARE VAUD 

WITHOUT IMPACT ON tACC. " 
eniiTil^i.fclDsfSESPECIREDFHOMCSORADOBBSSbflANeE, WHICHEVER OOCUI«'' V .WODIWi 
FIRST. 



EiHy^RE CHARACTERISTldif 

The erasure oharacteristics of the 2708 familv(%re such that 
erasure begim te.-oci*ir, vyhen exposed to lig(it with wave- 
lengths shorter than api>rpximate(y 4^@Q,jS^^>0trofns (A). It 
should be noted that sunlight and cen^trrtypes of fluores- 
cent lamps have wavelengths in the 3000— 4000A range. 
Data show that constant exposure to room level fluores- 
cent lighting could erase the typical device in approxi- 
mately 3 years, while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. If the 
2708 is to be exposed to these types o1 lighting conditions 
for extended periods of time, opaque labels are available 
from Intel which should be placed oyeF.tile 2708 window 
to prevent unintentional erasure. . . .j 




The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instructions Section) for the 
2708 family is exposure to shortwave ultraviolet tight 
which has a wavelength of 2537 Angstroms (A). The Inte- 
grated dose .(^e., UV intensity X exposure time) for erasure 
should be a ^jnimum of 1 5 W-sec/cm^. The erasure time 
with this dosage-is approximately 1 5 to 20 minutes using an 
ultraviolet latnii with a 12000 jiiW/cm^ power rating. The 
device should be placed within 1 Inch 4^ lamp tuiies 
during erasure. , ;Some lamps have a filttr m Weir tubes 
which should be removed before erasure. 




2716 

16K (2K X 8) UV ERASABLE PROM 



■ Fast Access Time 

— 350 ns Max. 2716-1 

— 390 ns Max. 2716-2 

— 450 ns Max. 2716 
— 490 ns Max. 2716-5 

— 650 ns Max. 2716-6 

■ Single -i- 5V Power Suppiy 

■ Low Power Dissipation 

— 525 mW Max. Active Power 

— 132 mW Max. Standby Power 

The Intel® 2716 is a 16,384-blt ultraviolet erasable and electrically progrannmabiB reaci<iarily memory <EPROM). The 2719 
operates from a single 5-volt power supply, has a static standby mo^ ancl^tures fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. 

The ^7.16, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance 
+5V microprocessors such as Intel's 8085 and 8086. A selected 271 6-5 and 271 6-6 is available for slower speed applications. 
The 2716 is also the first EPROM with a static standby mode which reduces the power dissipation without increasing access 
time. The maximum active power dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 
7S% savings. "I'^v 

The 2716 has the simplest and fastest method yet devised for programming EPROMs - single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL sigrmls. Program any location at any 
time-either individually, sequentially or at random, with the 2716's Nflglei«dl|iii|i^«MM»ipNlifMnm^ Tietrtj|K|pam(lillS 
time for all 1 6,384 bits is only 1 00 seconds. • 



■ Pin Compatibly to Intel* 2732 EPROM 

■ Simple Programming Requirements 

— Single Location Programming 

— Programs with One 50 ms Pulse 

■ Inputs and Outputs TTL CompiMte 
during Read and Program 

■ Completely Static 



golf J 

art' 

-ST"' 
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PIN CONFIGURATION 



2716 



5732' 



«7C 


I 


24 


3VCC 


A? C 


»«c 


2 


23 


D«B 


ASC 


»s: 


3 


22 


3*9 


A5C 


»«: 


4 


21 


3VPP 


A4 C 


«3C 


5 


20 


3oE 


A3C: 


'2C 


6 


19 


JAlO 


A2C 


AlC 


! 


16K IB 


:ce 


«1 C 


AOC 


' 


12 


:o7 


AO C 


OoC 


9 


16 


:o6 


OoC 


01 C 


10 


15 


30i 


01 C 


"IZ 


11 


14 




02 C 


GNOC 


12 


13 


JUS 


GMDC 




tRef«»te2!732 
data sheet for 
specifications 



PIN NAMES 



Ao- A,Q 


ADDRESSES 


CE/PGM 


CHIP ENABLE/PROGRAM 


OE 


OUTPUT ENABLE 


Oc-0, 


OUTPUTS 



MODE SELECTION 



MODE 


CE/PGM 

(tn 


OE 
(»l 


nil 


Vcc 
124) 


ounuTt 
im. i»iTi 


Rod 


V|L 


ViL 


♦5 


•5 


"OUT 




V|H 


Don't Car* 


+5 


+5 


High Z 


Progmh' ' 


witoWitioVM: 


' *IH 


•25 


+5 


Din 


PrtsnHitVtiSiy'''. 






+25 


♦ 5 


□out 




V|L 


V|H 


♦25 


*6 


HighZ 



BLOCK DIAGRAM 



GNOO~ 
Vpf o— 



OE •{ OUTPUT ENABLE 
el/raM CHIP ENABLE AND 

^ PROP LOGIC 



Ae-AiO 
ACAflESS 
INPUTS 



OUTPUT BUFFERS 



2716 



PROGRAMMING ' 

The programming specifications are described in the Data Catalog PROM/ROM Pn^r ammin g htstructions Section-. 



Absolute Maximum Ratings* 

Temperature Under Bias 

Storage Temperature 

All Input or Output Voltages with 

Respect to Ground 

Vpp Supply Voltage with Respect 

to Q(jound Difring Program . . . 



. .-10 C to+80 C 
.-65°Cto+125°C 



. . . +6V to -0.3V 
. 4a6.5V to -0.3V 



'COMMENT: Stresses above those listed under "Absolute Maxt- 
mum.RatinaCjnay cause permanent damage to the device. This is a 
stress rating only and functional operetion of the device at these or 

any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability. .b)j3ij4i>.. 



60 tMf AC Opsrating Conditions Duffftg Read 





2716 


2716-1 


2716-2 


2716-5 


2716-6 


Temperature Range 


0°C-70°C 


0°C - 70°C 


0°C - 70°C 


O'-C - 70°C 


0°C-70°C 


Vqc Power Supply M.2J 


■ 5V +5% 


5V ±10% 


5V ±5% 


5V ±5% 


5V ±5% 


Vpp Power Supply [21 


Vcc 


Vcc 


Vcc 


Vcc 


Vcc 



READ OPERATIOI^j 

D.C. and Operating Characteristics 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


MIn. 


Typ.'31 


Max. 


Ili 


Input Load Current 






10 


HA 


V|N = 5.25V 


Ilo 


Output.Leakage Current 






10 


iUA 


VouT = 5.25V 


lpp,l2) 


Vpp Current 






5 


mA 


Vpp = 5.25V 




Vcc Current (Standby) 




10 


25 


mA 


CE = V,H,OE = V,L 


ICC2'2' 


Vcc Current (Active) 




57 


100 


mA 




V,L 


Input Low Voltage 


-0.1 




0.8 


V 




V|H 


Input High Voltage 


2.0 




Vcc+1 


V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = 2.1 mA 


VOH 


Output High Voltage 


2.4 






V 


lOH = -400 mA 



.1. Vqq must tie applied simuttaneoMSly or before Vpp and removed simultaneously or .after Vpp. . ^ - 

2. Vpp may be connected directly to Vqc except during programmii^. The supply current would then be the sum of \qc ^"^ 'PPI' 

3. Typical values are for Jf^ - 25°C and rtominal supply voltages. ^' 

4. This parameter is only sampled and is not 100% tested. 



Typical' Characteristics 



; Ice CURREIMT 
vs. 

TEMPERATURE 



Sso 











































CC2* 


CTIVf 
CE*> 
Vcc 


CUR 

'IL 
SV 


RENT 








































loci STANDBY CURRENT 
CE-ViH 
Vrr=5v 






J 


L 




r— 
1 





I 30 40 SO I 
TEMPERATURE I CI 



600 
500 
400 

300 



ACCESS TIME 
vs. 

CAPACITANCE 



ACCESS TIME 

vs. 

TEMPERATURE 













































Vcc 


= 5V 































































100 200 300 400 500 GOO TOO 

Cl (PFI 



10 20 30 40 50 eO 70 

TEHVERATURE ( C) 
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Symbol 


Paramttf Br 
■ 01 Bii.iVlvr 


Limits (ns) 


■■ - iik"-^ 

- .... . ^' 

■ ■ -^--T.^ 


271 6 
Min. Max, 


2716-1 
Mill. Max. 


Mih, klhrx. 


271 6-S' 
Min. Max. 


^716-8 
Mm. Max. 


<ACC 


Address to Output Delay 


450 


350 


390 


450 


450 


CE = OE = ViL 


tCE 


CE to Output Delay 


450 


3S0 


390 


490 


650 


OE = Vm 


toE 


Output Enable to Output Delay 


120 


120 


: ■ ? 431) 


160' 


200 


CE = V|L 


tDF 


Output Enable High to Output Float 


too 


100 




100 


100 


CE = V|i, 


^OH 


Output Hold: frotti AddresseSj Si: or 
Whichever Occurred First 








a 


■Sfl 1 

- - - 1 





CE = OE = Vi, 



Capacitance Ta = 25°c, f = 1 MHz 



A.C. Test Coni^tioris: 



Symbol 


Parameter 


Typ. 


Max. 


Unit 


Conditions 




Input Capacitance 


4 


6 


pF 


V|N = OV 


CquT 


Output Capacitance 


8 


12 


pF 


VouT=OV 



A. C. Wiaveforms [1] 



-I 



Output Load: 1 TTL gate and Cl = 100 pF 

Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.8V to 2.2V 

Timing Measurement Reference Level: 

Inputs «»*Wsfid 2V ' .y.a 

Olitputs 0.8V and 2V ^ ' 



ADDRESSES 



X 



CE- 



ADDRESSES 

. ID 



X 



«CE 



I tOE 



ill's- ) ' 



tGH- 



/ 




* '« • • • • • 



VALID OUTPUT 



[6] 



NOTE: 



1 . Vcc ^^st be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 



2. Vpp may be connected directly to Wqq except during programming. The supply current would then be the sum of Ipcand Igpjj. 

3. Typical values are for Ta = 25°C and nominal supply voltages. ^ ■ "* ^ ' ^ 



4. This parameter is only sampled and is not 100% tested. ■ ~ J . t 

5. OE may bf delayed, up tpt^cO"tOE«ftef thefaliingedgeof IS'^«p(w»<%Ba« 

6. tDF is spacitled from OE of OE, whichever occurs first. ^ 



TYPICAL 16K EPROM SYSTEM 



As- 15 
ADo-7 



ALE 



8085 



lO/M 



As 



\A9 



\Ai( ) 



VAl 



\ Ai2 



V_Ai;i 



\ Ai4 



8212 

Address 

LATCH 



TT 



vcc 

J 



512 X 8 

o.c. 

PROM 
3604A 



*- CM M ^ 
to W WW 

O O O (J 




• This scheme accomplished by using CE (PD) as the primary decode. OE(CS) is now controlled by previously unused 
signal. RD now controls data on and off the bus by way of OE. 

. • A selected 2716 is available for systems which require CE access of less than 450 ns for decode network operation. 

j% «i%^use of a PROM as a decoder allows for: 

a) Compatibility with upward (and downward) memory expansion. 

b) Easy assignment of ROM memory modules, compatible with PL/M modular software concepts. 

- 5. HAT 

I /f:i .;-iu;: - - - 

8K, ieK, 32K, e4« SV EPROM/MKIliiWlikY 
- PRINirED CIRCUIT BOARD LAYQUTudl.. 




o c, 



• e e e 

Oo O, O2O3 CEi 



COMPONENT SIDE 



O4 O5 Og O7 CE2 



.•!••• -Iv! 



2716 



ERASURE CHARACTERISTICS 

The erasure characteristics of the 271fi are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000-4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2716 In approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting eohditions for ex- 
tended periods of time, opaque lab^s are available from 
Intel which should be placed wer the 2716 window to 
prevent unintentional erasure. 

The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instruction Section) for the 
2716 is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity X exposure time) *or erasure should be 
a minimum of 15 W-sec/cm^. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000 iMI/cm^ power rating. The 2716 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 

DEVICE OPERATION 

The five modes of operation of the 2716 are listed in Table 
l.ntt should be noted^hatall inputs fd^tte'flve modes are at 
TTL levels. The power supplies requireia are a +SV Vqc and 
a Vpp. The Vpp power supply must be at 25V during the 
Ihree programming modes, and must be at 5V in the other 
two modes. 



TABLE I. MODE SELECTION 



PINS 


CE/PGM 


OE 


Vpp 


vcc 


OUTPUTS 


MODE 


I18> 


(201 


(21) 


(241 


(9-n. 13171 


Read 


V|L 


V|L 


+5 




DOUT 


Sundbv 


Vm 


Don't Care 


+5 


+ 5 


n,9H Z 


Program 


Pulsed V||. to V|H 


V|H 


*2& 


♦ 5 


D[N 


Program Verify 


VlL 


V|L 




+5 


dqut 


Pregrsm Inhibit 


viu 


V|H 


+2S 


+5 


HighZ 



READ IVIODE 

The 2716 has two control functions, bcth of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 
pins, independent of device siNection. Assuming that 
addresses are stable, address acceis time ItAcc' equal to 
the delay from CE to output Uce)- Data is available at 
the outputs 120_ns (tos) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tAcc — fOE- 

STANDBY MODE 

The 2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 



OUTPUT OR-TIEING 

Because 271 6's are usually used in larger memory wrayii 
Intel has provided a 2 line control function that accomo- 
dates this use of multiple memory connections. The two 
line control function allows for: 

a) the lowest possible memory power dissipation, and 

b) complete .afssurance that output bus conteiition will 
not occur; ' ; 

To rhost efficiently use these two control lines, recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, wfhile OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory 
, device. | 

Initially, and after each erasure, all bits of'the 2716 are in 
the "1" state. Data is introduced by selectively program- 
ming "O's" into the desired bit locatidiK. Although only 
"O's" will be programmed, both "1's" and "OV can be 
presented in the data word. The only way to change a "0" 
to a "1" is by ultraviolet light erasure. 

r. The 2716 is in the programming mode when the Vpp power 
supply is at 25V and OE is at V|h. The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 

When the address and data are stable, a 50_msec, active 
high, TTL program pulse is applied to the CE/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time - either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE/PGM input. 

Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 2716s may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the CE7PGM input programs the vvMHisA 
2716s. 

PROGRAM INHIBIT 

Programming of multiple 27t6s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including OE) ^ ttie paraltei 271& Iw 
. common. A TTL level program pulse applied to a 
.-Xi^M input with "Vpp at 25V will program that 2716. 
, A .tow level CE/PGM input inhibits the other 2716 from 
being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 



8-18 



AFIMMIA-Oa 



■A ■ H h ' 

2732A 

32K (4K X 8) UV EBASABt& BfiOM 

■ 200ns (2732A-2) Maximum Access 
Time . . . HMOS*-E Techneficify 

VGiompatible to High Speed 8mHz 
8086-2 MPU . . Zero WAIT State 

if 

■ Tyro Line Control ^ 



The Intel 2732A is a 5V only, 32,384 bit ultraviolet erasable and electrically programmable read-only memory (EPROM). It 
Is pin compatible to Intel's 450ns 2732. The standard 2732A's access time Is 250ns with speed selection (2732A-2) 
available at 200n8. The access time Is compatible to high performance microprocessors, such as the 8mHz 8086-2. In 
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states. 

An Important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). The OE 
control eliminates bus contention In multiple bus microprocessor systems. Intel's Application Note AP-72 describes the 
microprocessor system Implementation of the OE and CE controls on Intel's EPROMs. AP-72 Is available from Intel's 
LMersture Department. >.*b JiwievIo-jo ti>*t ■'o > . 

The 2732A has a standby mode which reduces the power dissipation without increasing access time. The maximum 
active current Is 1S0mA, while the maximum standby current Is only 35mA, a 75% saving. The standby mode is achieved 

by applying a TTL-high signal to the CE Input. 

The 2732A Is fabricated with HMOS*-E technology, Intel's high speed N-channel MOS Silicon Gate Technology. 




■ Pin Compatible to 2764 EPROM 

■ Industry Standard Pinout . . . JEDEC 
Approved- -"-i c; - .lifi 

■ Low Standby Current . . . 35mA Max. 



2732A 
PIN CONFIGUIIATION 



2764 

PIN CONFIGURATION 




rapW total compatlblJIty Iram 
2732A pmMa a traca to pin 2g 



PIN NAMES 



Ao-Aii 


ADDRESSES 


a 


CHIP ENABLC 


SE 


OUTPUT ENABLE 


Oo-O, 


OUTPUTS 



*HMOS is a patented process of Intel Corporation. 



IMODE SELECTION 





CE 
1181 


OE/Vpp 
(201 


Vcc 
(241 


OUTPUTS 
(9-11,13-17) 


Read 


V|L 


VlL 


+5 


DOUT 


Standby 


V|H 


Don't Care 


+5 


HighZ 


Program 


V|L 


Vpp 


+5 


Din 


Program Verify 


V|L 


V|L 


+5 


DouT 


Program Intiibit 


V|H 


Vpp 


+5 


High Z 



BLOCK DIAGRAM 



vcqo 

SNDO 
Vppo 



DATA OUTPUTS 
Oo-OT 



5f - 



^ AND 
CE LOGIC 



AO-All 
ADDRESS 
INPUTS 



y 

DECODER 



OUTPUT SUFFERS 



32,n*.WT 
CELL MATRIX 
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8205 

HIGH SF^BBD 1 OUT W ^Mimm 0^ODER 

■ I/O Port or Memory Selector 

■ Simple Expansion — Enable Inputs 

■ High Speed Schottky Bipolar 
Technology — 18 ns Max Delay 

■ Directly Compatible with TTL Logic 
Circuits 



■ Low Input Load Current — 0.25 mA 
Max, 1/6^^^^ TTl Input Load ^^^r 

■ Minimum Line Reflection — Low 
Voltage Diode Input Clamp 

■ Outputs Sink 10 mA Min 

■ 16-Pin Dual In-Line Ceramic or Plastic 
Package 



tlie Intel* 8205 decoder can be used for expansion of systems which utilize Input ports, output ports, and memory 
' • components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes "low", thus a single 
row of a memory system is selected. Ttie 3-chip enable inputs on the 8205 allow easy system expansion. For very^iM 
systems, 8205 decoders can be (^tdbaded such that eachde<:od@r^'c»A'difv6'B bUierd^oders for arbltri^ fntflAlQl 

-,JP»nsicjn8... ^. .,. 

r ^TiMBSC^ fs tiacskaged in a stanttetd 164>in dual in-line package, and its performance Is sp«eifl»d«9Mi^{tiBitiBmperatHra 
i> ctthge'Cf 0°C to i^rs'C, ambient. TN#ui9e bf Schottky barriertliode;claAnp#dtS9ffiSiM«*i»ita>Mitafn fast swrttoMngsiieeGM 
results in highsr performance than equivalent devices made with a gold #fhisslon process. ' ' 



PIN CONFIGURAtlON 



"^^iflgfS^BOL 



GRD 





PIN NAMES 



aq- Az ADORtss imws 



E f ^ ENABLE INPtfljj 



S^iS^ . DECODED QUTPUn, 



ADDRESS 


ENABLE 


OUTHITS 


Aq a, 




E 




Ej 





1 


2 


3 


4 


s 


6 


7 


U L 


L 


L 


L 


H 


L 


H 


H 


H 


H 


H 


H 


H 


H L 


L 


L 


L 






L 




H 


H 


H 


H 


H 


L H 


L 


L 


L 






H 


L 


H 


H 


H 


H 


H 


H H 


L 


L 


L 


H 


H 


H 


H 


L 


H 


H 


H 


H 


L L 




L 


L 


H 


H 


H 
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FiWef lONAL OESCRiPltON 
Decoder 

The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an '^KiSlve oui^t that repre^m ttMwaMof the Input 



For example, If a binary code of 101 was present on the AO, 

A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below In 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
ou^iJt of the decoded value is synchronpiis with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (El, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active "high" and active "low" device enable inputs 
provides the designer with a powerfully llexible gating func- 
tion to help reduce package count in his system. 
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APPLICATIONS OF THE 8205 

The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from tfie 
address bus, cliip select signals can be generated to select 
memory devices and tlie type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, SI, S2) of the 8008 CPU. 

I/O Port Decoder 

Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205$ 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and Is the tSB; A4 ts assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address tinesi is available at 
the outputs of the 8205s. 

This circuit can be used to generate enable signals for I/O 
ports or any other decoder related application. 
ISOte that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an Inverter 
or two will allow expansion to even larger decoder net- 
works. 

Chip Select Decoder 

liiifng a very similar circuit to the I/O pdrt decoder, an ar- 





D 1 



— i 
>— — 5 



D 

3 



ray of SSOSlean ir iileC to' #tate {i simple im^f faciei J^j 
24K memory system. 

The memory devices used can be either ROM or RAM and 
are IK in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de- 
vice has ten (10) address inputs and an active "low" chip 
select (^). The lower order address bits A0-A9 which come 
from the microprocessor are "bussed" to all memory ele- 
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the,8205 is active low so it is directly compatible with the 
memory components. 

Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to "write" or 
"read" data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits A0-A9 identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive 
in nature and are nort'r^iiiwdarrt. niattya 

This technique can be expanded almost indefinitely to su()- 
port even larger systems with the addition of a few inVertetS 
and an extra decoder (8205). " ' 



• f>.{slU 5 



TO 

MEMORIES 

— cs, 
—a. 



Figure 2. I/O Port Decoder 
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Logic Element Example 

Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the "on-chip" 
enabling gate, the 8205 can be configured to gate its de- 
coded outputs with system timing signals and generate 
strobes that can be directly connected to latches, flip-flops 
andPt^i»^l3ts tltat are used throughout the syMem. 

An excellent example of such an application is the "state 
decoder" in an 8008 CPU based system. The 8008 CPU is- 
sues three bits of information (SO, SI, S2) that indicate the 
nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
0Bmral machine functions. 

In the figure below a circuit is shown using the 8205 as the 
"state decoder" for an 8008 CPU that not only decodes the 
SO, SI, S2 outputs but gates these ^gnaTs With the clocic 
(phase 2) and tifeVSYNtf oti^ut of thi'1608 CPU. TheTT 



and T2 decoded strobes can connect directly to devices like 
8212s for latching the address information. The other de- 
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system resets, ejimih^ng 
accidental loading. 

The power of such a circuit becomes evident when a single 

decoded strobe Is logically broken down. Consider out- 
put, the boolean equation for it would be: 



T1 = (S0 S1S2) (SYNC Phase 2-Reset) 

A six input NMi0^#il^%^«^itnvMt^wciiMld be need- 
ed to impleiiiBRtthis function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 
b^idu^ 'a siilistantial savlr^ in comtiofiehts i^affbe 
r achieved when using Weh atechnique. 
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8201 
CLOCK 
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SYSTEM RESET - 
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Stala Control Coding 



T2 

WAIT 



STOP 
T4 



FIgura 4. 820S State Decoder Clicult 
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ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias: Eeramic *e5peto H250C 
Plastee -65°C to +75° C 

- ' ■■-11: 

).^^^9e Temswalttce . • -65°C to +160°C 
" All Output ot- Supply Voltages -'^ -^0.5 to +7 Volts 

■ All Input Voltages ' • "•"^.O to +5.5 Volts 
Output Currents 125mA 



•COMMENT 

Stresses above those listed under "Absolute Maximum Rat- 
ing" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
de»ice reliability. • 



D.C. CHARACTERISTICS 

T« = O'C to +75-0, Vce = 5V ± 5% 



■' ■ ■ 11 ■ tt- -t* ' I": . 



SYMBOL 


PARAME^rgB 


LIMIT 


UNIT 


TEST C0NP!TI(;SNS 


MIN. 


MAX. 


If 


INPUT LOAD CURRENT 




-0.25 


mA 


V,,^ = 5.25V, Vp = 0.48V 


Ir 


INPUT LEAKAGE CURRENT 




10 


mA 


Vgg =5.25V, V^ J=-5.2av: ^ 












Vc 


INPUT FORWARD CLAMP VOLTAGE 




-1.0 


V 


Vg(, = 4.75V, l(, = -5.0 mA 


Vol 


OUTPUT "LOW" VOLTAGE 




0.45 


V 


Vj,(, = 4.75V, Iq|_ = 10.0 mA 


Vqh 


OUTPUT HIGH VOLTAGE 


2.4 




V 


Vcc=''-^?V,Iq^= -1.5 mA 




INPUT "LOW" "VOLT AEE 




0.85 


V 




V,H 


INPUT "HIGH" VOLTAGE 


2.0 




V 


V(,c = 5.0V 


'sc 


OUTPUT HIGH SHORT 
CIRCUIT OJRBlENT 


-40 


-120 


mA 


Vcc = 5,?y,Vou^ = 0V 


Vqx 


OUTPUT "LOW"'V(OL-TAGE 
@i HIGH CURRENT'" 




0.8 


V 


I ^ iit> I 


'cc 


POWER SUPPLY CURRENT 




70 


■ mA 


.Vce=.5^6W,a I 
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TYPICAL CHARACTERISTICS 



OUTPUT CURRENT VS. 
OUTPUT "LOW" VOLTAGE 




OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 
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A-2 


5'C 




T^ = 
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DATA TRANSFER FUNCTION 




OUTPUT ' LOW- VOLTAGE (V) 



OUTPUT "HIGH'' VOLTAGE (V) 



.6 .8 1.0 1.2 1.4 1.6 1.8> M' 
INPUT VOLTAGE (V) 
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SWITCHING CHARACTERISTICS 



Conditions of Test: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between IV and 2V 

Measurements are made at 1 .5V 

* ■ "-< 



Test Load 



1 



All Tran»>ton 2N2369 or Equivalent. 'C^ ° 30 pF 



Test Waveforms 

ADDRESS OR ENABLE 
: i', INPUT PULSE 



ouTPlrr 



A.C. CHARACTRISTICS 



Ta = O'C to +75*C,Vcc = 5V ±5% unless otherwise specified. 



SYMBOL 


PARAMETER 


MAX. LIMIT 


UNIT 


TEST CONDITIONS 


t+ + 


ADDRESS OR ENAbIe TO 
OUTPUT DELAY 


18 


ns 




t_ + 


18 


ns 


i 1 


t+- 


18 


ns 




t 


18 


ns 






INPUT CAPACITANCE P8205 


4(typ.) 


pF 


f - 1 MHz. Vcc = OV 
VbIAS -2 0V.TA-25OC 


C8205 


5(typ.) 


pF 



Hi'rs F^rameter'ts periodically sampled and is hdt 100% tested. 




TYPICAL CHARACTERISTICS 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 




ao 100 150 

LOAD CAPACITANCE IpFI 



ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 







s.ov 

30 pF 




























1 1 





AMBIENT TEMPERATURE rei 
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8-BIT INPUT/OUTPUT PORT 

■ Fully Parallel 8-Bit Data Register and Buffer 

■ Service Request Filp-Rop for 
Interrupt Generation 

■ Low Input Load Current — .25mA Max. 

■ Three State Outputs 

■ Outputs Sink 15 mA 

The 8212 Input/output port consists of ^ 8-brt latch with 3^tate output buffers along with control and devtefe w i t liiMon 
logic. Also included is a service request flip-flop for the generation ^nd control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or mtittiplexers'.'Thus, &t%i 
principal peripheral and input/output functions of a microcomputer system can be implemented with this deviisei 



■ 3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 

m Asynchronous Register Clear 

■ Replaces BulWefs, Latches and 
Multiplexers in Microcomputer Syslillip 

m Reduces System Package Count 
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FUNCTIONAL DESCRIPTION 
Data Latch 

Th6 8 f tip-flops that make up the daM'Utbtf are of a "D" 
type design. The output (Q) of the fUp-flo^%ili follow the 
data Input (D) while the clocic Input (C^'lJrM^h. Latching 
will occur when the clock (C) returns low. 

The la tche d data Is cleared by an asynchrono us re set 
input (CLR). (Note: Ciocic (C) Overrides Reset (CLR).) 

Output Buffer 

The outputs of the data latch ( Q ) are connected to 3-state, 
non-Inverting output buffers. These buffers have a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (Q) or disables the buffer, forcing the output into a 
high impedance state. (3-statel 

The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocdagor bi-directional 
data bus. \ , " 

(-■- 

Control Logic 

The 8212 has control inputs DS1, 032, MD and STB. 
These Inputs are used to control device selection, data 
latching, output buffer state and serWoereqt^st flip-flop. 



DS1, DS2 (Device Select) 

These 2 inputs are used lor device'selebtion. When DS1 is 
low and DS2 is high (0S1 - 082) the d«^ i$ selected. In 
the selected state the ouiput buffer is< enabled and the 
service request flip-flap (SR) is asynctirono^sty set. 



MD (Mode) 

This input is used to control the state at^te output buffer 
and to determine the source of the clock input (C) to the 
data latch. : 

When MD is high (outpiut mode) Ibe iu^ut^uffers are 
enabled and the source ef clockJC) to' the data latch Is 
from the device selection logic (DS1 ■ IDS2). 

When MD is low (input mode) the outpu t buf fer state is 
determined by the device selection logic (DS1 • DS2) and 
the source of clock (C) to the data latch .Is the STB 
(St««b»} input. 



STB (Strobe) 

-I A 

This input is used as the clock (C) to-thftdata latch for the 
input mode MD = 0) and to synchronously reset the 
service request flip-flop (SR). 

Note that the SR flip-flop Is negative edge triggered. 



Service Request Flip-Flop 

The (SR) flip-flop is used to generate and control 
interrupts in m icro computer systems. It is asynchron- 
ously set by the CLR input (active low). When the (SR) flip- 
flop Is set It Is In the non-interrupting state. 

The output of the (SR) flip-flop (Q) Is connected to an 
inverting input of a "NOR" gate. The other input to the 
"NOR" gate is non-inv ertin g and is connected to the 
device selection_iogic (DS1 • DS2). The output of the 
"NOR" gate (INT) Is active low (interrupting state) for 
etiil^^bn to active low fnfK^prlbrltygettbfftlfiS'e'lrdUlis. 



SERVICE REQUEST FF 
\ 



DEVICE SELECTION 
_ \ 

[£> OSI 

2^ 0S2 




STB 


MD 


(OS, OS}) 


DATA OUT EQUALS : 











3 STATE 


1 








3STATE 





1 


D 


DATA LATCH 


1 


1 





DATA LATCH 








1 


DATA LATCH 







1 


DATA IN 







1 


DATA IM 




1 


1 


DATA IN 




CLH - RESETS DATA LATCH 
SETSSR FLIP FLOP 
[NO EFFECT ON OUTPUT BUFFER) 
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I Basic Schematic Symbol 

II Gated Buffer 

III Bi-Dlrectional Bus Driver 
IV: Interrupting Input Port 



V Interrupt Instruction Port 

VI Output Port 

VII 8080A Status Latch 

VIII aoa&A Afmm*<«m 



iu' li.nuo Hi* 



1. Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system 
schematics — (1 ) the top being the detailed view showing 
pin numbers, and (2) the bottom being the symbolic view 



showing the system input or output as a system bus (bus 
containing 8 parallel lines). The output to the data bus Is 
symbolic in referencing 8 parallel lines. 



BASIC SCHEMATIC SYMBOLS 

INPUT DEVICE' 



..... noodi:. .; . .1 

«cicipii3 lertiteofiii toifnooeir. 



3 
5 


Dl 


STB 

DO 


7 






9 
16 
18 




8212 


20 






22. 


CLR INT 


14 


OS 


MD \ 
DSj 



YTFT 






"11 1 




3 
5 


STB 
Dl DO 


4 

6 


7 




8 


9 




10 


16 
18 


8212 


15 
17 


20 




19 


22 


Tnt clr 


21 




MD s 
DS2 DS, 


14 




|13 |2 Y 


■'" 



OUTPUT 
FLAG 




.;-ni rtgWt 
■ i5"il-rtg;/l buT 



.'cjm apsflT 
.0 ,3nlitoisi 



II. Gated Buffer (3-State) 

The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input tiigh, the 
data latch is acting as a straight through gate. The output 
buff ers are then enabled from the device selection logic 
081 and DS2. 

Whan the device selection logic is false, the outputs are 3- 

When the device selection logic is true , the input data from 
the system is directly transferred to tlie output. The input 
data load is 250 micro amps. The outout data can sinl< 15 
mllli amps. The minimum high output is 3.65 volts. 



GATED BUFFER 

V, 




/leuefio><i3fiy» ol 
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III. Bl-Dlrectional 6'ut Driver 



A pair of 821 2's wired (back-to-back) can be used as a 
syifimetrical drive, bi-directional bus drivef.'The devices 
are controlled by the data.biislhput ccHitrol which is 
connected to on the first 8^2 and to DS2 on the 
second. One device is active, aim acting as a straight 
through buffer the otherls in S-stm tnede. This is a very 
usctftil clrcuit in small system design.:. 



BI-DIRECTIONAL BUS DRIVER 



TV 



DATA BUS 
CONTROL • 
10= L - R) 
(I =R-L) 



3rr- 

QND 



DATA 
. BUS 




IV. miMtupttng input Port 

This use of an 8212 is that of a systeni input port that 
accepts a strobe from the system input'source, which in 
turn clears the service request flip-flop ind interrupts the 
processor. The processor then goes trough a service 
routine. Identifies the port, and cattses the device 
selection logic to go true — enabling thetysteni input data 
onto the data bus. 



INTERHillPYiNG INPUT PORT 




TO PRIORITY CKT 
(ACTIVE LOW) 

TO CPU 

INTERRL^ INPUT 



V. intermpt InstructleA n»rt 

The 8212- cah be- used to gate the lnten»j^ Ihstruction, 
normally R&START instructions, a^riSesWe <^ bus. The 
device is Sh'abled from the intermi^t^l^Kiaow^ge signal 
from the microprocessor andfrom a ^^^^iMUbn signal. 
This signal is normally tiMl to ground. (Dpi could be used 
to multiplex a na^ty of tnterfupt instrucnon ports onto a 
common bus). ~ ~ : 



I^SRBUPT INSTRUCTION PORT 



gt ^CC DATA 




INTERRUPT ACKNOWLEDGE 
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VI. Output Port (With Hand-Shaking) 

The 821 2 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand- 
shaking signal such as "reception of data" from the device 
that the system Is outputting to. It in turn, can Interrupt the 
system signifying the reception of data. The s elec tion of 
the port comes from the device se|lectlon loglc.(DS1 ■ DS2) 



OUTPUT PORT (WITH HAND-SHAKINQ) 



Me Mi 



SYSTEM 

interrupt" 



STB 




8212 




im CLR 


3-« 


1 ? 





!iilO>»8 
SYSTEM QUTi^.«U 



SYSTEM RESET 



PORT SELECTION 
(LATCH CONTROL) 



VII. 8080A statu* Latch 

Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
Input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator; then, the status data will 
be latched into the 8212. 



Note: The mode signal is tied high so that the output on the 
latch is aetiw«.arid wWlltKl all the time. 

It is sftiNn) ttmt ^ two areas of concel-n are ^ M* 
directioniil date tN|»ef the microprocessor and ttw eoil^ 
bus. 
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VIII. 8085A Low-Order Address Latch i:-Jl1!"^Afl f*L' J- : ■ -058 \ 

The 8085A microprocessor uses a multiplexed address/ 
data bus that contains the low order 8-bits of address 
information during the first part of a machine cycle. The 
same bus contains data at a later time in the cycle. An 
address latch enable (ALEi signal is provided by the 
8085A to be used by the 821 2 to latch the address so that it 
may be available through the whole machine cycle. Note: 
In ^is configuration, the MODE input is tied high, keep! ng 
the 8212's output buffers turned on at all times. 





Vcc 
111 



14 



Dli STB DOi 



8212 



CLR 

DS, IVID DS, 



i-^Ao 

H^A3 
^A4 
iI*A5 
^A6 
^A7 



J13 



1—^ 4: 



I 



Vcc 



LOW ORDER 
ADDRESS BUS 
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Temperature Under Bias Plastic 0°Cto+70°C 

Storage Temperature -65° C to +160° C 

All Output or Supply Voltages -0.5 to +7 Volts 

All Input Voltages -1 .0 to 5.5 Volts 

Output Currents 100mA 



'I;-.-, 'o s.'Kl-S "ifyin wc' r't' • .i - t.- -)^ '• —r ^ui R' 
•COMMENT 

Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
ln<licated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



Wt.C CHARACTERISTICS Ta = o°c to +75°c, Vcc = +5V ±5% 



Symbol 


Parameter 


Limits 


Unit 


Teat Condltlom 


Mill. 


Tvd 


Max. 


[f 


Input Load Current, ACK, DS2, OR, 

Dli-Dls Inputs 






-.25 


mA 


Vf = .45V 


If 


Input Loatd Current MD Input 






-.75 


mA 


Vf = .45V 


If 


Input Load Current OStJitput 






-1.0 


mA 


Vf =\45V 


Ir 


Input Leakage Current, ACK, DS, OR, 
DI1-DI8 Inputs 






10 


nA 


Vr < Vcc 


Ir 


Input Leakage Current MO Input 






30 


mA 


Vr < Vcc 


Ir 


Input Leakage Currerit DSi Input 






40 


mA 


Vr < Vcc 


Vc 


Input Forward Vottag^-CUunp 






-1 


V 


Ic = -54a 


ViL 


Input "Lo\n" Voltage 






.85 


V 




VlH 


Input "High" Voltage 


2.0 






V 


1 


Vol 


Output "Low" Voltage 


1 




.45 


V 


lOL = I^A 


VOH 


Output "High" Voltage 


3.65 


4.0 




-V 


lOH =■ -tmA 


isc 


Short Circuit Output purrent 


-15 




-75 


mA 


Vo = OV, Vcc = 5V 


Hoi 


Output Leakage Currjihii-ligh 
Impedance State ) 


i 




20 


mA 


Vo = .45V/5.25V 


Ice 


Power Supply Cur^^ 




90 


130 


mA 





I 
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DATA TO OUTPUT DELAY 
VS. TEMPERATURE 



25 SO 75 100 

TEMPERATURE CCI 



WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 



30 



4:- 



TEMPERATURE CCI 
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A.G. CHARACTERISTICS TA = (r'C to +70''C,Vcc = +5V ±5% sr? - -^^.f. 



SynfiBol 


Paraimtw 


Limits 


Unit 


Test conditions 


Min. 


Typ. 


Max. 


tpw 


Pulse Width 


30 






ns 




tPD 


Data to Output Delay 






30 


ns 


Note 1 


tWE , 


Write Enable to Output Delay 






40 


ns 


Note 1 


tSET 


'i3ata Set Up Time 


15 


■■ ■ 'f 




ns 




tH 


Data Hold Time 


20 






ns 




tR 


Reset to Output Delay 






40 


ns 


Note 1 


ts 


Set to Output Delay 






30 


ns 


Note1 ' , -■ 


tE 


Output Enable/Disable Time 






45 


ns 


Note 1 


tc 


Clear to Output Delay 




i 


ss- 


ns 

1 iii 


Note 1 



CAPACITANCE* F = IMHz, Vbias = 2.5V, Vcc = +5V, Ta = 25°C 



Symbol 


Test 


Limits 


Typ. Max. 


Gin 


DSi MB Input Capacitance 


9pF 12pF 


Gin 


DSa, CK, ACK, DIi-DIb 

Input Capacitance 


5pF 9pF 


Gout 


DOi-DOb Output Capacitance 


8pF 12pF 



*Thi8 parameter is sampled and not 100% tested. 



7 ■Z f. T mi/ "U-nh' rt 



SWITCHING CHARACTERISTICS 

Conditions of Test 

input Pulse Amplitude = 2.5V 

input Rise and Fall Times 5ns 

Between IV and 2V Measurennents made at 1.5V 

with 15mA and 30pF Test Load 

Note 1 : 



Test 


Cl* 




R2 


tPD. twe, tB, ts, to 


30pF 


soon 


60on 


tE, ENABLE! 


30pF 


lOKfl 


IKf! 


tE, ENABLE 1 


30pF 


soon 


600!1 


tE, DISABLE! 


5pF 


soon 


60on 


tE, DISABLE) 


5pF 


ioKn 


iKn 



'Includes probe and |ig capacitance. 



Test Load 



Vcc 



TO 

d: 



i i" 



*IMebUEIIIira JIG «t mOBE CAPACITANCE 
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TIMING DIAGRAM 
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■ 8 Priority Levels 

■ Current Status Register 

■ Priority Comparator 



The Intel"' 8214 is an 8-level prlor|ty..interrupt control unit (PICU) deslgnctd tpt ^fmpllfy lnterrupt-dr|ven^mlcrocomputer 
systems. 

The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 
current status register and issue an interrupt to the system along with vector information to identify the service 
routine. )t 

The 8214 is fully expandable by tlie use of open collector interrupt x>utput veetor Information.-Control signals are also 
provided to simplify this function. _ 

The PICU is designed to support a wide variety of vectored intern^pt structures and reduce package count in interruftt- 
drlven microcomputer systems. 

'Note: The specifications for ttie 3214 are Identical wtih those for the 8214.- 



PIN CONFIGURATION 



kOGIC PIAGRAIVI 




[TT> ELR 
[13> ETLC 



PIN NAMES 



INPUTS 




R0-R7 


REQUEST LEVELS (R; HIGHEST PRIORITY) 


Bg-B, 


CURRENT ffTATUS 


SOS 


STATUS QROUP SELECT 




ENABLE eUltR«MT STATUS 


INTE 


INTERRWTENMLE 


CLK 


CLOCK 1IMT FFi 


ILR 


ENMLE LEVEL READ 


ETLG 


ENABLE THIS LEVEL GROUP 


OUTPUTS 




Ao^a 


REQUEST LEVELS 1 OPEN 

INTERRUPT (ACT. LOW J" COLLECTOR 


IttT 


ENLG 


ENABLE NEXT LEVEL GROUP 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias '. J . ... v . . .-'l . , . 0°C to 75°C 

Stor|^Temperatune . . , . . . . i v'i :3,.- > ■ -SB^C to +160°C 

^Qtrtpai-and-Supply Voltages . ; .t r.Trr^-.-:; , f : ■ n '•0.5Vto+7V 

mt^tVoltafles . : . ... . , . .\\'"JI5.";''.'- '. . rljOVtd *5.5V 

OuqMt Currents . . . . ; . . tOO mA 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating 
onlyand functional operation of the device at these or at any other condition above those indicated in the operational sections of this specif i- 
^^^te not iinpliad. Exposure to abtbim in^jmum ratings for extended period m 



D<C. AND OPERATING CHARACTERISTICS 

Ta= (f C to +70°C, Vcc = 5V ±5%. 



nil til->-i - "1^: 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min. 


Typ.lil 


Max. 


Vc 


Input Clamp Voltage (all inputs) 






-1.0 


V 


lc=-5mA 


If 


Input Forward Current: ETLG input 

' all other inputs 




-.15 
-.08 


-0.5 
-0.25 


mA 
mA 


VF=d.45V 


Ir 


Input Reverse Current: ETLG input 

all other inputs 






80 

40 


liA 

ma 


Vr=5.25V >■'-" 


V|L 


Input LOW Voltage: all inputs 






0.8 


V 


vcc=5.ov 


V|H 


1 nput H 1 GH Voltage: idi^iiiptm 


2.0 






V 


Vce=5.0V 


Ice 


Power Supply Current ; 




90 


130 


mA 


See Note 2. 


Vol 


Output LOW Voltage: all outputs 




.3 


.45 


V 


l0L=15mA 


VOH 


Output HIGH Voltage: ENLG output 


2.4 


3.0 




V 


l0H=-1mA 


Iqs 


Short Circuit Output Current: ENLG output 


-20 


-35 


-55 


mA 


Vos=0V,Vcc=5.0V 


'CESfi 


OutRpt Lealcage Current: INT and A0-A2 






100 


fiA 


VcEx=5.25V 



NOTES: 

1. Typical values are for Ta = 25° C, Vcc = 5.0V. 

2. B0-B2, SGS. CLK, RQ-R4 grounded, all other inputs and all outputs 
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A.C. CHARACTERISTICS Ta = o°c to +70°c, Vcc = +5V +5% 



Symbol 


'1.^ ■• 

Parameter 


Liniitt 


Unit 


Min. 


Typ.tll 


Max. 


tcY 


CLK Cycle Time 


80 


50 




ns 


tpw 


CLK, ECS, INT Pube Width 


25 


15 




ns 


tiss 


INTE Setup Time to CLK 


16 


12 




— ' 'M A»y 
MA 


t|SH 


INTE Hold Time after CLK 


20 


10 




ns 


tETCS>2' 


ETLG Setup Time to CLK 


25 


12 




ns 


tETCH'^' 


ETLG Hold Time After cO; ■ • • " ■ ■ 


• 20 


10 




ns 


tECCs'^' 


ECS Setup Time to CLK 


80 


25 




ns 




ECS Hold Time After CLK 









ns 




ECS Setup Time to CLK 


110 


70 




ns 




ECS Hold Time After CLK 









— .-JA, 
' a' 




ECS Setup Time to CLK 


75 


70 




ns 




ECS Hold Time After CLK 









ns 


tDCs'2' 


SGS and B^-Bj SetttpTltffe to CLK 


70 


50 




ns 


tDCH'21 


SGS and B^-B^ Hold Time After CLK 

i.i/ir 









ns 7" 
1 


tRCs'31 


Rq-R? Setup Time to CLK .j, „ - 


90 


55 




ns 




R0-R7 Hold Time After CLK 









ns 


*ICS 


INT Setup Time to CLK j-' 


55 


35 




ns 


tci 


CLK to INT Propagatiori Delay 




15 


25 


ns 


tRffiW 


R0-R7 Setup Time to INT 


10 







ns 


tRiH^ 


R^-R7 Hold Time After INT 


35 


20 




ns j' 


tRA 


Rg-Ry to A0-A2 Propagation Delay 




80 


100 


ns 


^ELA 


ELR to A0-A2 Propagation Delay ' ' 




40 


55 


ns 


tgCA 


E^ to A^-Aj ^pa^^n Delay • 




100 


120 


ns 


^ETA 


ETLG to A0-A2 Propagation Delay 0*^ 




35 


70 


ns - j' 


tDECs'*' 


SGS and 80-62 Setup Time to ECS 


15 


10 




ns 


Idech'*' 


SGS and B^-B^ Hold Time After ECS 


15 


10 




ns 


tREN 


Rfl-ff? to ENLG Propaga&m Delay 




45 


70 


ns 


tETEN 


ETLG to ENLG Propagation Delay 




20 


25 


ns 


tECRN 


EK to ENLG Propagation Delay 




85 


90 


ns 


tECSN 


ECS to ENLG Prapas^tion Delay 




35 


55 


Its 



CAPACITANCEPl 







Limits 




Symbol 


Parameter 


Min. 


Typ.lil 


Max 


Unit 




Input Capacitance 




5 


10 


pF 


CoUT 


Output Capacitance 




7 


12 


pF 



Test Conditions: Vbias = 2.5V, Vcc = 5V, Ta = 25°c, f = i MHz 



NOTE 5. This parameter is periodically sampled and not 100% tested. 
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WAVEFORMS 



iatS8 




PUDI-'t*'-.. 11 = 



NOTES; 
(11 
(2) 
(31 
(41 



Typical values are for = 25^C ,Vcc ~ 5.0V. 

Required for proper operation if ISE is enabled during next clock pulse. 

These times are not required for proper operation but for desired change in interrupt flip-flop. 
Required for new request or status to be property loaded. 



Test Conditions 

Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 ^iSt'^volts. 

Output loading of 15 mA and 30 pf. 

Speed measurements taken at the 1.5V levels. 
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8216/8226 '^-'aw 
4-BIT PARALLEL BIDIRECmHAL BUS DRIVER 



■ Data Bus Buffer Driver for 8080 CPU ■ 3.65V Output High Voltage for Direct 



Low Input Load Currant — 0.25 mA 
Maximum 



internee .to 8080 CPU 
3-State Outputs 



High Output Drive Capability for 

Driving System Bus ■ Reducstfi System Ppeicage Count 



The 8216/8226 Is a 4-bit bidirectional bus driver/receiver. Aii inputs are low power TTL compatible. For driving MOS, ttie 
DO outputs provide a high 3.65V Vqh. and 'or high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Iql capability. A non-Inverting (.8216) and an invecUnft 18226) are available tojueet a wide variety of applica- 
tloriB for buffering in microGom|>utar^ypems. f i | | ' ' ' 

■Note: Tti* spKltlcatlons for tlw 3ZI6f322e!W MwiHeal with those tor the' 8216«22e. 



PIN CONFIGURATION 



LOGIC DIAGRAM 
8216 



LOGIC DIAGRAM 
8226 




PIN NAMES 



DB„0»j 


DAT* BUS 
BI-DIRECTIONAL 


°W 


DATA INPUT 


00,00, 


DATA OUTPUT 


OIEN 


OAT* IN ENABLE 
DUtECTKMCONTnOL 


a 


CHirWLECT 



01,0- 



Dlj o- 



00, o- 



DOjO- 



Dl, O- 



m;s- 



m, o- 



-O Eft) 



00, o- 



Dl, o- 



01, o- 



lOJ ^ ill: 



— O DB, 



-O SBi 
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FUNCTIONAL DESCRIPTION 

Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. Wh!te,tf»s:lxne of drive is 
luffieiant in tmall systems with few component*, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expandTrig tei ^ multi-board 
system. ^ 

The 8216/8226 Is a four bit bi-difemWliip driver specif ■ 
Ically designed to buffer microcompuleriystem components. 

BIdiractlonal Driver 

Each buffered line of the four bMdriver consists of two 
sapanM buffers that are tfi-istate In nature to'achleve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is usee to interface to the 
system side components such as memories, I/O, etc., be- 
cause Its Interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this sicfe of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct iMi»«ai:0t(rtK^8O8O and 80(»ja>Us is achieved with 
an adequate amount of noise immunityi ^^biV worst case) . 




Control Gating DIEN, CS 

The CS input is actually a device select. When it is "high" 
the output drivers are all forced to their high impedance 
state. When it is at "zero" the device is selected (enabled) 
and t he direction- of the data flow Is-determlned by the 
DIENJnput. 

The OIEN input controls the direction of data flow (see 
Figure 1) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers Into Its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 

The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at tfie same time enhance 
noise immunity to assure reliable, high ^iormance op- 



tinU 



-tah8«16 



9 KB, 



•l-O J««T 



- '.i.L.-rl 



(b) 



-HIGH IMPEDANCE 



P^iiMl. ISIiliSSe Loflic filatgrams 



A.C. CHARACTERISTICS 

Ta = 0°C to +70°C,Vcc=+5V ±5% 







Limits 




• ■ "^'>8^ o^^^^t> 


Symbol 


Parameter 


Min. 


Typ.lll 


Max. 


Unit 


Conditions 


Tpol 


Input to Output Delay DO Outputs 




15 


26 


ns 


Cl=30pF, Ri=300n 
R2=600« 




Input to Output Delay OBl^utputs 
8216 




19 


30 


ns 


Cl=300pF, Rf =90n 




8226 




16 


25 


ns 




Te 


Output Enable Time 

8216 




42 


65 


ns 


(Note 2) 




8226 


36 


54 


ns 


(Note 31 


To 


Output Disable Tiin^ 




1« 


3S 


ns 


INota4l - 

- - ■ t. -irt-.in • 



TMt Condltlom: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 

Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 



CAPACITANCEisi 



T«8t Load Circuit 




,o'. ■>■: 

-•1 Sfti'-'.-': 



noittmt 





( 


Limits 




Symbol 


Pari^vltef 


Mm. 


Typ.lll 


Max. 


Unit 


Gin 


Input Capacitance 




4 


8 


pF 




Output Capacitance 




6 


10 


pF 


CouT2 


Output Capacitance 




13 


18 


pF 



TmI Conditions 

NOTES: 



VbiaS = 2.5V. Vcc = 5.0V. Ta = 25°C. f = 1 MHz. 



1. Typical valuat ar* for Ta - 2S°C, Vcc ' 5.0V. 

2. DO Outputs, Cl- 30pF, R, ■= 300/10 Kn, R2 - 180/1KS1, DB Outputs, Cl - 300pF. R, = 90/10 Kf!, R2 = 180/1 Kfl. 

3. DO Outputs, Cl " 30pF, R, = 300/10 KS2, R2 = 600/1 K; DB Outputs, Cl = 300pF,Ri = 90/10 Kn, R2= 180/1 KSI. 

4. 00 Outputs. C). • 5pF. R, - 300/IOKn, R2 = 600/1 Kn; DB Outputs. C(. = 5pF, Ri -90/10 Kn. Rj = 180/1 Kn. 

5. This parameter it pariodically nmpM and not 100K teitad. 
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ABSOLUTE MAXIMUM RATINGS* 

TiBinperature Und^rBiat , . . - • • • • » . - 0°C to 70°C 

Storage Temperature ,> -fiS'C to +150°C 

Alt Output and Supply Voltages -0.5V to +7V 

A ll Inp ut Voltages -1.0Vto+5.5V 

Output Currents 125 tnA 

p.G. AND OPERATING CHARACTERISTICS 

T* = 0",C to +70^C,Vcc=+SV ±5% ' 



*COMMENT: Stresses above those listed under "Absoluta 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
thtue indicated in the operational sections of this specif i- 
ca^&n is not implied. Exposure to absolute maximum 
latirtg conditions for extended periods may affect device 



Symbol 


ftrametar 1 


Limits 


Unit 


Conditions 


Min. 


Typ. 


Max. 


Ifi 


Input Load Current BflN; CS 




-0.15 


-.5 


mA 


Vf»0.45 




Input Lo3cl Current All Other Inputs 




-0.08 


-.25 




Vp = 45 


Iri 


Input Leakage Current DIEN, CS 






80 


ma 


Vr = 5.25V 


Ir2 


Input Leakage Current 31 Inputs 






40 


ma 


Vr = 5.25V 


Vc 


Input Forward Voltage Clamp 






-1 


V 


Ic = -5mA 


VlL 


Input "Low" Voltage 






.95 


V 




V|H 


Input "High" Voltage i 


2.0 






V 




Hol 


Output Leakage Current DO 

(3-State) DB 






20 
100 


ma 


Vo = 0.45V/5.25V ' ' 


Ice 






95 


130 


mA 




Power Supply Current 




85 


120 


mA 




VoLI 


Outpuf'Low" Voltage^ 

' ■^ (rftXi f 




0.3 


.45 


V 


DO Outputs loL°1S"<A 
DB Outputs loL=25mA 


V0L2 


^16 




0.5 


.6 


V 


DB Outputs loL=55mA 


Output "Low" Voltage — — 

8226 




0.5 


.6 


V 


DB Outputs loL=60mA 


VoHl 


Output "High" Voltage 


3.65 


4.0 




V 


DO Outputs Iqh = -1mA 




: ? — — ■? 

Output "High" Vpltage 


2.4 


3.0 




V 


DB Outputs Iqh = -10mA 


los 


Output Short Cir<iuit"@i«mit 


-15 
-30 


-35 
-75 


-65 
-120 


mA 
mA 


DO Outputs VqSeOV, 
DB Outputs V(x=5.0V 



NOTE: Tvpkal imluaiare for Ta - 2S°C, Vcc-S-OV. 



r...i ivv .(t 
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APPLICATIONS OF THE 8216/8226 

8080 Data Bus Buffer 

The 8080 CPU Data Bus is capable of driving a single TTL 
load and is more than adequate for small, single board sys- 
tems. When expanding such a system to more than one board 
to increase I/O or Memory size, it is necessary to provide a 
buffer. The 8216/8226 is a device that is exactly fitted to 
this application. 

Shown in Figure 2 are a pair of 8216/8226 connected di- 
raetly to the 8080 Data Bus and associated control signals. 
The txjffer is bi-directional in nature and serves to isolate the 
CPU data bus. 

On the system side, the DB lines inteirtace with standard 
semiconductor I/O and Memory components and are com 
pletely TTL compatible. The OB lines also provide a high 
drive capability (50mA) so that art extremely large system 
can be dirven along with possible bus termination networks. 

On the 8080 side the Dl and DO lines are tied together and 
are directly connected to the 8080 Data Bus for bi -directional 
operation. The DO outputs of the 82'6/8226 have a high 
voltage output capability of 3.65 volts which allows direct 
connection to the 8080 whose minimum input voltage is 
3.3 volts. It also gives a very adeqitate': nofse margin of 
350m\/ (worst easel. 1 .^i. 

The P fEN in puts to 8216/8226 Is connect directly to the 
8080. DIEN i;. tied: -p. DBtN so th at ivoper, bus flow is 
maintained, and'CS is fled to BDSeN so t^t the system 
side Data Bus will be 3-stated when a Hold. request has been 
acknowledged during a DMA activity. 

Memory and I/O Interface to a Bidirectional Bus 

In large microcomputer systems it is oftan necessary to pro- 
vide Memory and I/O with their own buf fers and at the same 
time maintain a direct, common interface to a bi directional 
Data Bus. The ^8216/8226 has separated data in and data 
dij^'hnet on one side and a common bi-dilrebtTonal set on the 
other to accomodate such a function. 

Shown in Figure 3 is an example of how the 8216/8226 is 
used in this type of application. 

The interface to Memory is simple and diFect. The memories 
u«d are typically Intel® 81 02. 81 02A, 8101 or 8107B-4 and 
have separate data inputs and outputs. The Di and DO lines 
of t he 8216 /8226 tie to them directly and und er con trol of 
the MEMR signal, which Is connected to the DIEN input, 
an interface to the bi-directional Data Bus is maintained. 

The interface to I/O is similar to Memory, The I '0 devices 
used are typically Intel' 8255s, and can be used for both 
input and output ports. The I/O R signal is connected di- 
rectly to the DIEN input so that proper data flow from the 
I/O device to the Data Bus Is maintained. 



The 821 6/8226' ean lbe 'used iti a wide variety of other buf- 
fering functions in microcomputer systems such as Address 
Bus Drivers, Drivers to peripheral devices such as printers, 
and as Drivers for long length cables to other peripherals or 
system^ \/ V J- ■ 




SVSTEH_ 
-DATA 



Figure 2. 8080 Data Bus Buffer 



-r 



<2. 



77 



D<EN (21 CS 

8216 

S226 12) 



1 



Dl DO 

(STlN (2) CSb-i 

8216 

8226 <2> 



1 



Bl DIRECTIOKML DATA BUS IB) 



Figure 3. MenHMy and UO Interface 

to a niMieettinM Bus 
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OCTAL LATCH 



Address Latch for iAPX 86,88, 
MCS-80™, MGS-85™, MCS-48™ Families 

High Output Drive Capability for 
Driving System Data Bus 

Fully Parallel 8-Bit Data Register and 
Buffer 

Transparent during Active Strobe 



<li-— I 



■ 3-St9|t(B Qutpufe 

,i 1 



i 



■ 7^0-^ii#iB«lfage-with 0L|" f^t^^ 

; I , • I 

■ No Output Low Noise when Er^tering 
or Leaving High Impedance Stdte 

-1 ;k 



The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the. principal periph- 
eral and input/output functions of a microcomputer system can"te ii^piemented wKh thew device^^! | 



A 



if IS 





1 


20 


□ vcc 


Dil C 


2 


19 


□ DOo 




3 


18 


□ DO1 


DI3C 


4 


17 


□ DO2 




5 


16 

8282 

15 


□ DO3 


DI5C 


6 


□ DO4 






14 


□ DO5 




8 


13 


□ D06 


oeC 


9 


12 


□ DO7 


gndC 


10 


11 


JSTB 




Figure 1. 8282 Pin ConflguraUon . Figure 2. 8283 Pin Configuratign 
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Figure 3. Logic Dlagrama 



PIN DEFINITIONS 



Pin 


Description 


STB 


STROBE (Input). STB Is an Input control 
pulse used to strobe data at the data Input 
pins (A0-A7) Into the data latches. This 
signal Is active HIGH to admit input data. 
The data is latched at the HIGH to LOW 
transition of STB. 


SI 


OUTPUT ENABLE (Input). 5e Is an input 
control signal which when active LOW 
enables the contents of the data latches 
onto the data output 1)111 tBo-Br)- OE being 
Inactive HIQH forces the output buffers to 
their high Impedance statR. 


DIo-DI, 


DATA INPUT PINS (Input). Data presented 
at these pins satlsfyinfi setup time re- 
quirements when STB Is strobed and 
latched Into the data Input latches. 


DO0-DO7 
J8282) 

DOfl-BSy 

(B283) 


DATA OUTPUT PINS (Output). When oi is 
true, the data In the data latches is pre- 
sented as Inverted (8283) or non-Inverted 
(8282) data onto the data output pins. 



OPERATIONAL DEiifttP^^. 



The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched Into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line In Its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negatiws^B<rtno transients tQ Wpear^m ttie data output 
bus. 



'1 ?8 • - 
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ABSOLUTE MAXIMUM RATINGS' 



TfifflPACSture Under Bias. . , . . ^, ^.0°C to 70°c 

^ragie.fempecaturjB ..sJS&tCio +150°C 

All Output and Supply Voltages -0.5V to + 7V 

All Input Voltages - 1.0V to + 5.5V 

Rower Dlssipifloni 1 Watt 



I 



'NQXIGS: Stresses above those listed under "Absolute Maximum Rstings" 
may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those Indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended 
periods m^y aftec^devj^ |9liabU|ty. I 



'T 



D.C. CHARACTERISTICS 

Conditions: Vcc = 5V ± 10%, Ta ■■ 



0°Cto70°C 



5 



Symbol 


Paraimtir 


Min 


Max 


Units 


Test Conditions 


..Vc 


Input Clamp \%liaie 




=-,.1 . 


V 


-1© = "-^S^bA 


Ice 


Power Supply Current 




160 


mA 




If 


Forward Input Current 




-0.2 


mA 


Vp = 0.45V 


Ir 


Reverse Input Current 




50 


hA 


Vr = 5.25V 


Vol 


Output Low Voltage 




.45 


V 


Iql = 32 mA 


VOH 


Output High Voltage 


2.4 




V 


■ i (qh.= -5niA 


•off 


Output Off GwMMft — 




+ 50 




'"VfiFp =s"e?*5to5.2SV • 


V,L 


Input Low Voltage 




0.8 


V 


Vcc = 5.0V See Note 1 


V|H 


Input High Voltage 


2.0 ■ 




V 


Vcc = 5.0V See Note 1 


C|N 


Input Capacitance 




12 


PF 


F=1 MHz 

Vb,as = 2-5V, Vcc=5V 
Ta = 25*C 



NSCg J. Outigit Ijwdlng JoL= 32 mA. ioH=.-iSn)A...CL= 300pF. 



) 

A.C. CHARACTERISTICS ^' 

Conditions: Vcc = 5V ± 10%, T/s = 0°C to 70° C 

Loading: Outputs — Iql = 32 mA, Iqh = - 5 mA, Cl = 300 pF 



V3,l 

r 



Symbol 


Parameter 


MIn 


Max 


Units 


Test Conditions 


TIVOV 


Input to Output Delay 
—Inverting 
— Non-lrwerting 


5 

■'■Sf 


22 
30 


ns 
ns 


(See Note 1) 

'I 


TSHOV 


STB to Output Delay 
—Inverting 

— Non-Inverting 


1 

lO" 

10 


40 

45 


ns 
ns 




TEHOZ 


Output Disable Time 


5 


18 


ns 




TELOV 


Output Enable Time 


10 


30 


ns 




TIVSL 


Input to STB Setup Time 







ns 




TSLIX 


Input to STB Hold Time 


25 




ns 




TSHSL 


STB High time ;• 


15 




ns 





NOTE 1. See waveforms and test load circuit on following page. 
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WAVEFORMS 



8282/^ 



cS 



-T1V»i- 



VOL+.IV 



ilWU" ; ■■■ ■ . 

i - ■ - ^ i 

I NOTE: 1. 8283 ONLY — OUTPUT MAY BE MOMENTl!(flll-Y INVALID FOLLOWINq THE HIGH GOING STB TRANSITION. 

2. ALLlWiNQ ME/WUBEMENTSi^ ' 'l ll^- 



Figure 4. Timing Diagram 



2.14V 



OUT! 



3«rATE TO Vol 



180Q 



S2.7Q 



s; 300 pF 



•r 



3-STATET9Voh| 

r 



::p3oopF 
swrr^No 



- f - - - - 



Figure 5. Output Test Load Circuits ' . 



1 



8-46 



APNOWlfB 



8282/8283 




8-47 



AFM 00727B 



8286/8287 
OCTAL BUS TRANSCEIVER 



■ Data Bus Buffer Driver for iAPX 86,88, 
MCS-8OTM, MCS-85TM, and MCS-48^" 
Families 

■ High Output Drive Capability for 
Driving System Data Bus 

■ Fully Parallel 8-Bit Transceivers 



■ 3-State Outpfuts 

■ 20-Pin Package with 0.3" Center 

u No Output Low Noise when Entering 
OF-l.eairing High Impedance State 

""1 : 



The 8286 and 8287 are 8-bit bipolar trans^vers with 3-state o;jtpots.'^Egcr^8t^verts ttie ir^t data at Its outputs 
while the 8286 does not. Thus, a wide variety of applications for bufferifig ifi rnicfOCOrniiuter {systems can be ifiet. 





1 


20 


□ vcc 


AlC 


2 


19 


□ Bo 




3 


18 


□ Bl 


AaC: 


4 


17 


□ B2 


A4[I 
AsC 


5 

8286 

6 


16 
15 


□ B3 

□ B4 


AbE 




14 


□ B5 


A7C 


8 


13 


□ Bi; 




9 


12 


□ B7 


gndC 


10 


11 


□ t 



Figure 1. 8286 Pin Configuration 
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i 
1 

i 







20 


□ Vcc 


AlC 


'2 


19 


□ Bb 




3 


18 


□ 5^ 


A3 □ 


4 


17 


□ Bi 


A41I 

- AsC 


5 

8287 

6 


16 
15 


□ B5 

□ Bi 


AeC 




14 




A7r: 


8 


13 


□ Be 




9 


12 


□ B7 


gndC 


10 


11 


□ T 



I 

FlgM^ 2. tl^iR^SnirConf iguration 



Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Ottier Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licensea are Implied. 
©INTEL CORPORATION, 1980 8-48 
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Figure 3. Logic Diagrams 



Table 1. Pin DMCripHon 



Pin 



Description 



OE 

A0-A7 



Bj- B7 (8286) 
Bo-B7(8287) 



TRANSMIT (Input). T is an input control signal used to control ttie direction of the transceivers. 
When HIGH, it configures tfie transceiver's B0-B7 as outputs witfi A0-A7 as inputs. T LOW con- 
figures A0-A7 as the outputs with B0-B7 serving as the inputs. 

OUTPUT ENABLE (Input). OE is an input control Signal used to enable tM iHip^rlate output 
driver (as selected by T) onto its respective bus. This signal is active LQWK ^ -n" 

LOCAL BUS DATA PINS (Input/Output). These pins serve to either present data tb-Or SKSCe|jVlM^ 
from the processor's local bus depending upon the state of the T pin. - •. - 

SYSTEtvl BUS DATA PINS (Input/Output). These pins serve to either preWBt ^ga to or accept 
data from the system bus depending upon the state of the T pin. 1 V .,^ni 



FUNCTIONAL DESCRIPTION 

The 8286 and 8287 transceivers are 8-bit transceivers with high impedance outputs. With T active HIGH and OE active 
LOW, data at the Aq-A/ pins is driven onto ttie B0-B7 pins. With T inactive LOW and OE active LOW, data at the B0-B7 
pins is driven onto the A0-A7 pins. No output low glitching will occur wrtienfiCf 'l^;'ti^ii)ip^yers are entering or leaving 
the high impedance state. 
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8286^287 



ABSOLUTE MAXIMUM RATINGS* 



Temperature Under Bias 0°C to 70 °C 

Storage Temperalure - 66'C to + 150°C 

All Output and Supply Voltages -0.5V to + 7V 

All Input Voltages 1.0V to + 5.5V 

Power Dissipation 1 Watt 



'NOTICE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device- This is a stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not 
implied. ^Exposure to absolute maximum rating conditions for extended 
periods Jnay affect device reliability, ' " / 



D.C. CHARACTERISTICS FOR 8286/8287 
Conditions: Vcc = 5V ±10% Ta = 0°C to 70° C 



Symbol 


Parameter 


MIn 


Max 


Units 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


Iqs^ mA 


Ice 


Power Supply Current— 8287 
. . —8286 




130 
160 


mA 
mA 




If 


. Forward Input Current 




-0.2 


mA 


Vf = 6.45V 


Ir 


Reverse Input Current 




50 


mA 


Vr = 5.25V 


Vol 


! Output Low Voltage —B Outputs 
— A Outputs 




■ ' .45 
.45 


V 
V 


lOL = 32 mA 
lOL = 16 mA 


VoH 


Output High Voltage —B Outputs 
—A Outputs 


2.4 
2.4 




V 
V 


loH = -5 mA 

loH = -1 mA 


Iqff 
'off 


Output Off Current 
Output Off Current 




If 
Ir 




.VoFf = 0.45V 


V|L 


Input Low Voltage —A Side 
— BSide 




0.8 
0.9 


V 
V 


Vcc = 5.0V, See Note 1 
Vcc = 5.0V, See Notel 


V|H 


Input High Voltage 


2.0 




V 


Vcc = 5.0V, See Note 1 


C|N 


Input Capacitance 




12 


PF 


F= 1 MHz 

Vb,as=2 5V,Vcc = 5V 
Ta = 25°C 



NOTE; 1. B Outputs — loL=32mA, Iqh = -5mA, Cl = 300pF: A Outputs — Iol= 16mA, loH=-1mA, Cl=100pF. 



A,C. CHARACTERISTICS FOR 8286/8287 ^ 



iConditions: Vcc = 5V±i0%, TA^O^!to70°C '• - - • . . ^ ... 

i l-fl^nB: B Outputs — loL = S?J<7J^)li>H = "lA, Cl = 300 pF ^-3>V 
I A Outputs — lot =-tg,/fi^ JjfljH = -1 mA, Cl = 100 pF 



Symbpi 


Paramttleff ov 'i'? 


Min;, 


Max 


, Units 


Test Conditions 


TIVOV 


Input to Output Delay " 
Inverting 

Non-Inverting 


5 

5 


22 

30 


s>iij -.1^ 

ns 
ns 


(See Note~1)^ ^ 


TEHTV 


Transmit/Receive Hold Time 


5 




ns 




TTVEL 


Transmit/Receive Setup 


10 




• : .ns . ■ 




TEHOZ 


Output Disable Ttrne 


5 


18 


ns 




TELOV 


Output Enable Time ■ 


10 


30 


ns 




10TE: 1. See waveforms and test load circuit on following page. 
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8286/8287 



WAVEFORMS 



/ 



TEMOZ - TEIOV 
VOH - .IV 



Jf Vol 1 .1V \ 



'NOTE: 1. All timing measurements are made at 1.5V unless otherwise noted. 



Figure 4. 828Gr82B7 TiMling 
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Figure 5. Output Delay vs. Gapaeltance 
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inter 8286/8287 



^300 pF 



3 STATE TO Vql 



B OUTPUT 



1.5V 

I. 



;f:ioopF 



3 STATE TO VoL 



A OUTPUT 



^300 ft 



SWITCHING 



B OUTPUT 



^300 pF 
3-STATE TO VoH 

B OUTPUT 



^ lOOpF 

3'STATE TO VoH 

A OUTPUT 



SWITCHING 

A OUTPUT 



Figure 5. Test Load Circuits 
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8251A/S2657 

PRQqiMVMMABLE COMMUNICATION INTERFACE 

I Synchronous and Asynchronous 
Operation 



■ Asynchronous Baud Rate — DC to 
19.2K Baud 



« Full Duplex, Double Buffered, Tranv 
mitter and Receiver 

■ Error Det^ggl^j^^arity, Overrun and 
Framing 

■ Fully Compatible with 8080/8085 CPII 

■ 28-Pln DIP Paclcage " 



■ SynohEQiKMis 5-8 Bit Chacacters; 
' Mtnmt otr External CliatW^tr Synchro- 
nization; Automatic Sync Insertion 

Asynchronous 5-8 Blt^Charaiters; 
Clocl( Rate— 1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
■\V2, or 2 Stop Bits; False Start Bit 
Detection; Automatic Brealc Detect 
and Handling. 

■ Synchronous Baud Rate — DC to 64K 

mud 

-Th<e Infel" 8251A Is the entiahoea'«ief%/i[^(^ the industtv standard, Intel'* 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), deaifpadofOr data communications with Intel's new high performance family of 
microprocessors such as the 80S6. Tt^jH^I A is used as a peripheral device and Is programmed bythe CPU to operate 
using virtually any serial data transm^^ technique presently in use (lncludingiBM'''%l-sync'7- The'USART accepts 
data chai«bt«rs ^m'the CPU ln''^arailil>fi>rmat and then converts- them into a continuous serial data stream for 
tMrfsml^iSlii.lStitiKtlineoudly, l«%SHiilc@eM«B serial data streams and convert them into parallel data characters for the 
^Rld- Jibs USAf^T wiii. signal th0v@{>U whenever it can accep^, a new cljaracter f^pr transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USAF^T atf ny time. These include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel ililicon 
gate tefetmolbgy^' -■ -- .. i -. . , ,. : - 



■ Ail inputs and Outputs are TTL 
Compatible 

■ Single + 5V Supply 

■ Single TTL Clocic v - o 



PIN CONFIGURATION 



Bl@Gl€DIAGRAM 




RESET- 
CLK_ 

HB_ 
WR_ 

65- 



READ/WRITE 
CONTROL 
LOGIC 



PIN NAMES 



D/-Do 


Data Bui 18 bus! 


C/D 


Cont<ol oi Data .5 lo be Wnlteo or Rewl 


RD 


Read Daia Conmaod 


WR 


Write Data or Conlrol Command 


cs 


Chip Enable 


CLK 


Clock Pulie (TTL) 


RESET 




TkC 


Tranimitier Clock 


TkD 


Transmiiter Data 


RxC 


Receiver Clock 


RxD 


Receiver Oaia 


RkRDY 


Receiver Ready (has character for 80801 


T»ROV 


Tfarwniiter Ready (ready (or char from 80801 







OSR 


Data Sei Ready 


OTR 


Data Terminal Ready 


SYNOET/BO 


Sync Detect/ 




Break Delect 


RTS 


Request to Send Data 


cfs 


Clear lo Send Data 


TxE 


Transmitiei Empty 


Vcc 


+S Voli Supoly 


GND 


Ground 



BSft «3 




CTR,. c 






MODEIW 


CTS «K 


CONTROL 


sn^ c 





irilTERNAL 
i^tA BUS 



TRANSMIT 
CONTROL 



TkROY 
.T«E 



RECEIVE 
BUFFER 

(S -P) 



RECEIVE 
CONTROL 



R«ROV 
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FEATURES AND ENHANCEMENTS 

8251 A \&:9n advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that irn.iudes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
erthlrtcements, and reviewing the AC and DC speci- 
fications of the 8251 A. 

The 8251A incorporates all the key features of 
the 8251 and has the followir\|^^{idjj^onal features 
and enhancements: ' ^ 

.• .• bil.- 

• 8251A has double-buffered d^p paths with 
separate I/O registers for control, status. 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. ' -■ ' i 

• In - asp^h^hrohous opetigtiw^, "%e Receiver 
detectii ' ¥nd handles "Bf e^**- "Automatical ly, ' 
relieving the CPU of this task. 

• A refined Rx initialization prevents the 
Receiver from starting when in "break" ■ 
state, preventing unwanted interrupts from 
a disconnected USART. 

• At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SEptC:is programnied. 



• Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans- 
mission until all data previously written has 
been •'Mnsmitt^d. The logic talsd pre\lents 
the transmitter from turning o# ih the middle 
of a word. 

• When External Sync Detect i&. programmed, 
•: ijloteliinBl Syne Dete6t; i?.!d*#W^3in(i W Ex- 
ternal Sync Detect status is° pimid^ : Mia a 
flip-flop which clears itself upon a status read. 

• Possibility of false sync detect is minimized 
,..t)y ensuring that if double character sync is 
' programmed, the characters be contiguously 

detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 

• As long as the 8251 A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 

• The 8251 A Status can be read at any time 
but the status update Vvilh be intiibited 'cKmng 
status read. 

• The 8251A is free from extraneous glitches 
,\ and has enhanced AC and DC characteristics, 

providing higher speed and better operating 
^\ margins. 

• Synchronous Baud ratefMn l|^.tQi@4Ki - 

• Fully compatible with Intgt's new tnAmiW 
standard, tfle filiSiMi ^ v - 



f 



;j \v Area. ',7< 
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ABSOLUTE MAXIMUM RATINGS* 



Ambient Temperature Under Bias C to 70 C 

Storage Temperaturs -65°C to +1 50°C 

Voltage On Any Pin 

With Respect to Ground -0.5V to +7V 

Nmr Dissipation 1 Watt 



'COMMENT: Stresses above tfypse lj^j^ under "Absolute 
Maximum Ratings" may cause' perfnarmit damage to the 
device. This is a stress rating only and functional opera- 
tion of M devii^O at tAese or any other conditions above 
those indketeet in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect davtc^ 
reliability. . 



ae. CHARACTERISTICS 

Ta = O'C tp TO'C; Voc = 5.0V ±B%; GND = OV 





Paramstar ] 


MIn. 


Max. 


Unit 


f est Conditiam 


VrL 


Input Low Voltage 


-0.5 


0.8 


V 




VlH 


Input High Voltage 


2.2 


Vcc 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL = 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


loH = -400 nA 


•OFL 


Output Float Leakage 




±10 


<^ 


VoUT = Vcc TO 0.45V 




Input Leakage 




±10 




V|N = Vcc TO 0.45V 


Ice 


Power Supply Current 




100 


mA 


All Outputs = High 



CAPACITANCE 

Ta'= 25*0; Vcc = GNO = OV 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 




10 


pF 


fc= IMHz 


Ci/o 


I/O Capacitance 




20 


PF 


Unmeasured pins returned to GND 
























^SPEC. 













-mt -so »6o tioo 

i CAPACITANCE IpFI 



FIgura 16. TMt Load Circuit 



Figura 17. Tni^i A Ou^iut Daisy vs. A 



0^ 



0021«A 



Ta = 0°C to 70°C; Vcc = 5.0V +5%; GND = OV 

Bus Parameters KNote 1) 

Niiit<tyele: 



agsic 



SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


■ • • ■ 
TEST CONDITIONS 


tAR 


Address Stable Before READ (CS, C/D) 


50 




ns 


Note 2 


tRA 


Address Hold Time for READ (CS, C/D) 


50 




ns 


Note 2 


tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from R EAD 




250 


ns 


3, Cl=16C» * ' 




READ to Data Floating 


, m 


1 100 








MftWB Cycle: . . 


- SYMBOL 


PAEAteTEi . 




. MAX. 


UNIT 


t^IitelTIONS 




Address Stable Before WRITE 


50 




ns 




tWA 


Address Hold Time for WRITE 


50 




ns 


do! 


tvw 


WRITE Pulse Width 


250 




ns 




tow 


Data Set Up Time for WRITE 


150 




ns 




two 


Data Hold Time for WRITE 


50 




ns 




tRV 


Recovery Time Between WRITES 


6 









NOTES: 1. AC timings measured Vqh = 2.0, VqL ~ ^'^h load circuit Pf. Figure 1. . . 

2. Chip Select (CS) and Command/Data (C/D) are considered as AdiclfiBSSies. 

3. Assumes that Address is valid before Rpi. 

4. This recovery time is for Mode' Initialization only. Write Data is aildwed only when TxRDY = 17 
Piic&ifBfy i^nrre between Writes ^or Asynchronous Mode Is 8 tcY for Synchror>ous Moeltf^V 't^^y; 



IMpi^ Waveforms for AC Tests 

2.4 

0.45 



TEST 
POINTS 
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Othar Timings: 



SYMBOL 


; , PARiAMETER 4 

: » r" — ' — • — 1 J ■ 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 


tcY 


Clock Period 


320 


1350 


ns 


Notes 5, 6 




Clock High Pulse Width 


140 


tcY-90 


ns 


■ 11 


Up 


Clock Low Pulse Width 


90 








tR. tp 


Clock Rise and Fall Time 




20 


ns 




tDTx 


TxD Delay from Falling Edge of TxC 




1 


MS 




'Tx 


Transmitter Input Clock Frequency 
1x Baud Rate 

16x Baud R * ^ 


DC 
QC 


64 


kHz 
Knz 




.*TPW 


Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 


12 

1 




tCY 
fCY 




^TPD 


Transmitter Input Clock Pulse Delay 
1 x Baud Rate 

16x and 64x Baud Rate 


15 
3 




tCY 

tCY 




fRx 


Receiver Input Clock Frequency 
1x Baud Rate 
16x Baud Rate 
64x Ba^ Axte 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 


.!;- 




Receiver Input 0toGk Pulse Width 
ix Datiu nate 

1Ry Ttnri Rdv Raiiri Ratia 


12 

1 
1 




tCY 
tcY 




^RPD 


Receiver Input Clock Pulse Delay 
Ix Baud Rate 
16x and 64x Baud Rate 


15 
3 




tCY 
tcY 




xttilROY -- 


[ TxRDY Pin Delay from Center of last Bit 




8 


tCY 


Note 7 


'^TxRDY CLEAR 


1 xnL/ T -f Tiorn LeaoinQ tiaye or wn 




6 


*CY 


Note 7 


^RxRDY 


n A n L* 1 riii L^uiay liOiil i_feriier uT lasx DIT 






tcY 


Note 7 


tRxRDY CLEAR 


RxRDY i from Leading Edge of RD 




6 


^CY 


" " Note 7 


t»s 


Internal SYNDET Delay from Rising 
Edge of RxC 




24 


tCY 


Note 7 


1 ■■ . 


^ External SYNDET Set-Up Time Before 
Falling Edge of RxC 


16 




tCY 


Note 7 


tTxEMPTY 


TxEMPTY Deliiy from Center of Last Bit 


20 




tCY 


Note 7 


*WC 


Control Delay from Rising Edge of 
WRITE (TxEn.DTR. RTS) 


8 




tCY 


Note 7 


tCR 


Control to READ Set-Up Time (DSR, CTS) 


20 




tCY 


Note 7 



5. The TxC and RxC frequencies have tfie following limitations with respect to CLK. \ ' ■ - 

For Ix Baud Rate , fxx fRx ^ 1/(30 tgY) ( ~ ~' '"^ 

Forl6xand64x Baud Rate, f-p^ or fpx < 1/(4.5 tcy) 



6. Reset Pulse Width = 6 t(> y minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the eweittfMlMi the status. 
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PROGRAMMABLE INTERVAL TIMER 

■ MCS— SS^*" Compatible 8253-5 ■ Count Binary or BCD ^'^ 

■ 3 Independent 16-Bit Counters - b . h v 

' i Sll^le + $\rSuppiy 

■ DC to 2 MHz ' 

■ Programmable Counter IModes ■.^l^lini^l^ei in-Line Package 

The Intel* 8253 is a programmable oounter/tlmer chip designed for^SWsis an Intel microcomputer peripheral, it Uses 
nMOS technology with a single -t^V supply and is packaged In a 24-pln plastic DIP. 

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 



PIN CONFIGURATION 



BLOCK DIAGRAM 







24 


3V 




2 


23 


3m 


D,C 




22 


Drd 


o.C 




21 


3 a 


"jC 


5 


20 


3a, 


o,C 


6 82S3 


19 


lA. 




7 


IS 


3CLK2 


°.c 


8 


17 


3 OUT! 


CIKOC 


9 


16 


3 GATE 2 


OUTOC 


10 


15 


Jem 1 ' 


GATEOC 


" 


1« 


DO»TEi 


GNpC 


12 


13 


DOUTl 



PIN NAMES 





DATA BUS (8 BIT) 


CLK N 


COUNTER CLOCK INPUTS 


GATE N 


COUNTER GATE INPUTS 


OUT rj 


COUNTER OUTPUTS 


RD 


READ COUNTER 


WR 


WRITE COMMAND OR DATA 


cs 


CHIP SELECT 




COUNTER SELECT 


^« 


♦5 VOLTS 


GNO 


GROUND 



0, 



WR - 
*0 




INTERNAL BUS - 
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FUNCTIONAL DESCRIPTIQN 
General 

The 8253' is a programmable interval timer/counter 
specifically ' designed for use with the Intel" Micro- 
computer 'systems^ Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 

The 8253 solves one of the most common ptoblerris-m any 
microcomputer system, the generation of aocuratei time 
delays under software. control. Instead of setting, up timing 
loops in systems sofeware, the programmerconfigures the 
8253 to match his. requirements, i/iiltializes one of the 
counters of the 8253 with the desirei^ quantity then upon 
command the'8253'will count oif tHstSifify and interrupt 
the CPU when it has completed tts tas,l<s., 11 is easy to see 
that the software overhead is minir^al anjl that multiple 
delays can easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that, are non-delay in 
nature but also common to most miffQCOmputets can be 
implemented with the 8253. j 

• Programwisble Pate Generator 

• Event Counter 

• Binary Rsfe Multiplier 

• Real Time C3loct5 

• Digital One-Shot 

• Oorhplex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. ' 

1. Programming the MODES Of the ^SS. 

2. _Loading the count registers. 

3. Reading the Goynt values. 

Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 

RD(R0ad) 

A 'Mowi'.anJMli-input informs tti^ ,8^^ t^t the CPU is 
in'pulMng dkla In the form of a county value 

WR (Write) i ! 

A "low" on this input informs the 8253 that the CPU is 
outputting data-in the form of mode information or loading 
counters. 



AO, A1 

These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 

CS (Chip Select) 

A "low" on this input enables the 8253, No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 



OoV 



DATA 
BUS 
BUFFER 




N, COUNTER 



\rr-i/ 



INTERNAL BUS • 



-CLKO 

-GATED 

-OUTO 



-CLK 1 
-GATE 1 
►OUTI 



-CLK 2 
- GATE 2 
"OUT 2 



Figure 1.. Block Diagram Showing Data Bus Buffer and 
' H I ^ReaaiWrile Logic Functions 



CS 


RD 


WR 


Ai 


Ao 







1 











Load Counter No. 





1 








1 


Load Counter No. 1 





1 





1 





Load Counter No. 2 





1 





1 


1 


Write Mode Word 








1 








Read Counter No. 








1 





1 


Read Counter No. 1 








1 


1 





Read Counter No. 2 








1 


1 


1 


No-Operation 3-State 


1 


X 


X 


X 


X 


Disable 3-State 





1 


1 


X 


X 


No-Operation 3-State 
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The Control Word Register is selected when AO. A 1 are 1 1 
It then accepts Information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The6«rhfi"ol Word Register can only be written into; no 
read (iteration of its contents is available. 

Countar #0, Countw #1, Counter #2 

These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word R^^tetet'. 

The co!tin}ers are fully independent and eaCh can have 
sepSralB 'MfUtA. CDnftguration and counting operation, 
binary or BCD. Also, there are special features in the 
control word tfMit handle the loading of^heeount value so 
that software overhead can be minimize for these 
functions. 

The reading of the eofttents of each counter li available to 
the programmer with simple READ operations for event 
counting Applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read "On the fly" wlthoi|i Itltylng to inhibit 
the clock input " i 

8253 SYSTiM INTERFACE 

The 8253 is a component of the Intel" Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral I/O ports; three are 
counters and the fourth Is a control register for MODE 
programming. 

Basically, the select inputs AO, A1 Co'citiet^lothe AO, A1 
address bus signals of the CPU. The^can be derived 
directtyif rom the address bus usingr^iinsar select method. 
Or it can be connected to the outpttV9f a-decoder, such as 
an Intel® 8205 for larger systems. 



DATA 
BUS 
BUFFER 



m ■ 

m- 



A,- 



CO 



READ/ 
WR1T6 
LOGIC 



CONTROL 

WORD 
REGISTER 



^ COUNTER ^ 



\ COUNTER 



tNTERNALBUS 



-CLKO 
-OATEO 
-OUTO 



-CLK1 
-GATE 1 
"OUT I 



CLK 1 
GATE 2 
-OUT J 



Figure 2. Block Diagram Showing Control Word 
Register and Counter Fund 









1 — »ntiB3»w 




A, 


*0 





CBtrtWS BUS 











l/DR 


l/OW 




DATA BUS (8) 







A, A, C5 



7\ 



<2. 



COUNTER COUNTER COUNTER 



. OUT GATE CLK OUT GATE CLK OUT GATE CLK 



Flgura 3. 8253 Systmn Intorfac* 
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OPERATIONAL DESCRIPTION 
General 

Ttie complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. These control words program the MODE, 
Loading sequence and selection of binary or BCD 

fence programmed, the 8253 is ready ^ perform whatever 
timing tasks it is assigned to accomplish. 

The actual counting opefstton of each counter is 

Completely independent'and addftiowal logic is provided 
pif»«ehip so that the usual problem* -wociated with 
I efficient monitoring and manag.ement' of: external, 

asynchronous events or rates to 'the jiriiorocomputer 

system have been eliminated. 

Programming the 8253 

All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 

Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 

Control Word Format 





06 


Db 


D4 


D3 


D2 


Di 


Do 


SCI 


SCO 


RL1 


RLO 


M2 


m \ 


MO 


BCD 



Definition of Control 
SC — Select Counter: 



SCI 


SCO 










Select Counler 





t 


Seiect Kjunter 1 


1 





Sslect Counter 2 


1 


1 


Illegal 



ii — BeaCVLoad: 



RL1 RLO 









Counter Latching operation (see 
R EAD/WR ITE ProeWur© SiBffliori) 


1 





Read/Load most significant byte only. 





1 


Read/Load least significant byte only. 


1 


1 


Read/Load least significant byte first, 
then most significant byte. 



M - MODE: 



M2 M1 MO 












Mode 








1 


Mode 1 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


1 





1 


Mode 5 



BOD:- '• ■<^'^'- 






Binary Counter 16-bits 


1 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 



Counter Loading 

The count register is not loaded until the count value is 
written (one or two bytes, depending on the mode 
selected by the RL bits), followed by a rising edge and a 
falling edge of the clock. Any read of the counter prior to 
thtait falling clock edge may yield invalid data. 

MODE Definition 

MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the out- 
put will remain low and the counter will count. When ter- 
minal count is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new count is loaded. The countei 
continues to deptetrient ^(ftsr tpsrJninal count has.tj^ii. 
reached. . ' '/ ,'. ' ' ^ 

Rewriting a counter register during countingsiiiKSdis^in' 
the following: 

(1) Write 1st byte stops the current counting. 

(2) Write 2nd byte starts the new ewnt. 

MODE 1: Programmable One-Shot. The output will go 
low on the count following tt\e rising edge of the gate in- 
put. 

The output will go high on the terminal count. If a new 
count value is loaded while the output is low It will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
lime without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate Inptit. 
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MODE 2: Rate Generator. Divide by N counter. The out- 
put will be low for one period of the input clocl^. The 
period from one output pulse to the next equals the 
number of input counts in the count register. If the 
count register is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. 

The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 

When this mode is set, the output will remain high until 
after the count register is loaded. Ttie output then can 
also be synchronized by software. 

MODE 3: Square Wave Rate Generator.Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom- 
plished by decrementing the counter by two on the fall- 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full Q9M,p^0d the whole 
process is repeated. 

If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeojt. Then the whole 
process is repeated. In this way, if the count is odd, the 
output will be high for (N-t- 1V,S Ppupts. and low for 
(N- 1)/2 counts. 

MODE 4: ^mum f iHMirMi Strobe. After the mode is 
set, the output will bbtiigh. Whiii the cbSht is loaded, 
the iltrilterWifi l>egln counting. 6iV^@i^1ff«il count, the 
output will go iow for one input clock period, then will 
gO'high again. 



If the count register is reloaded between output pulses 
the present period will not be affected, but the subse- 
quent period will reflect the new value. The count will be 
inhibited while the gate input is low. Reloading the 
counter register will restart counting beginning wifli llw 
new numtier. 

MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out- 
put will not go iow until the full count after the rising 
edge of any trigger. iw^av 



Signal 

Modes ^"'^ 


Low 
Or Going 
Low 


Rising 


High 





Disables 
counting 




Enables 
counting 


1 




1j Initiates 
coUnfiiig 

after next c loch 


1 f-. i< iiA 


2 


1) Disables 

counting 

2) Sets oulpul 
immediately 
high 


Initiates 
counting 


Enables 
counting 


3 


1) Disables 

counting 

2) Sets output 
inn mediately 
high 


Iniitates 
counting 


Enables 
counting 


4 


Disables 
counting 




Enables 
counting 


5 




Initiates 
^ jaunting 





H — ■ — J -e- 

Figure 4. Gate Pin Operations Sgrmffiliif^ 
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MODE 0: Interrupt on Terminal Count 

CLOCK jTjx^inxiJTJxrijTjajxnj^ 



OUTPUT (INTERRUPT) 

WS m " 
GATE" 
OUTPUT (INTERRUPT! 



_r 



(n - 41 I- 



4 3 2 J.'O' 

r 



1 r 



3 2 10 



MODE 3: Sni^ii^tt^i^tar ' ' '<*^A0.' J 



CLOCK JlJTJTJTJTJTJTJTJTJT_n_rLn_ 

4242424242424 

r 



0UTPUHn = 4) _ 
OUTPUT (n. 5) _ 



J — I I — 

5 4 2 5 2 5 

J 1 r 



[ L 

2 5 2 5 4 2 

1 r 



M0JRE.1: Programmable One-Shot 



0/- ^ 



CLOCK JTJTJTJTJTJTsIijflJlinjlJTXL 



r 



J TRIGGER 



4 a ,2 T 



TRIGGER 
OUTPUT 



4 . 3 t ,j.^2 t 



M mE\2: Rate Generator 



I CLOCK _nj^ixrxruxiruT.rmjTjxmT^ 



I 



1 n "4 



;) I OOKTPUT — i 

. .. q<3t 

OUTPUT (ki ■ 31 1 ..ir: 

RESET I 




MODE 4: Software Triggered Slft>be< -4. ? 

CLOCK jtj-utjxTIJTJTJTJTJTJTJTJTl 



4 3 2 1 



LOAOn 
GATE 
OUTPUT 



4 3 2 1 



MOGt'^ii: Hardware Triggered Strobe 

CLOCK JTJTJlJTJTJlJTJlJIIflJfTJT^^ 



J- 



4 3 2 1 



OUTPUT (n = 4) 



OUTPUT (n - 4) 



4 3 4 3 2 1 



■m^fma^S, B253 Timing Diagram* - 
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^3 READ/WRITE PROCEDURE 
Write Operations 

The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MOIDE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control v/ord can be in any 
sequence of counter selection, e.g.. counter »0 does not 
have to be first or counter #2 last. Each counter s MODE 
control word register has a separate address so that its 
loading Is completely sequence independent. (SCO, SC1 ) 

The loading of the Count Register with the actus) count 
value, however, must be done In exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter's count register is still sequence 
Independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to 
be loaded In the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE conlrol word loading as 
long as the correct number of bytes iS loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register wiH result in the 
maximum count (2'«forBinaryor lOMor BCD) In MODEO 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL1) are program- 
med. Then proceed with the restart operation. 



11 •dOOW 



"I 


1 MODE Control Word 
Counter n 


LSB 


Count Register byte 
Counter n 


MSB 


Count Register byte 
CouiTtern ^ 



Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be utad.^ ' 

Figure 6. Programming Formal 



No. 1 
No. 2 
No. 3 
No. 4 

No. 5 
No. 6 

No. 7 

No. 8 
No. 9 





A1 


AO 


MODE Control Word 
Counter (| , 


1 




MODE Control Word 
Counter 1 


1 




MODE Control Word 
Counter 2 


1 




Count Register Byte 
LoB „ ^ 
Counter 1 







Count Register Byte 
MSB Counter 1 







l^gg Count Register Byte 
Counter 2 


1 





lyjgg Count Register Byte 
Counter 2 


1 





j^gg Count Register Byte 
Counter 








Count Register Byte 
MSB _ _ 

Cpunter y ; - 









Note: The exclusive addrMS»of each counter's count register make 
the task of programming the 8253 a very siinple matter, and 
maximum effective use of the device wit) result if this feature 
— 4s fully utilized. - - 

u.','tj:^U — — — L-jji' 

Figure 7. Altomate Programming Formats 
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Read Operations 

In most counter applications It becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three countersi without disturbing the actual count m 
progress. 

There are two methods that the programmer can use to 
read the value of the counters The first method involves 
the use of simple I/O read operations of the selected 
counter By controlling the AO. At inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register Is allowed AO. 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The cpntents of the counter selected will 
BTTavattable as toilows: 

first I/O Read contains the least significant byte (LSB) 

second I/O Read contains the most significant byte 
(MSB), 

Due to the internal logic o1 the 8253 it is absolutely 
necessary to complete the entire reading procedure If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 



Read Operation Chart 



A1 


AO 


RD 













Read Counter No. 





1 





Read Counter No. 1 


1 








Read Counter No. 2 


1 


1 





Illegal 



Readlntt WW Coiiniin® 

In orstfei* fof' the prpgratTtfl;iei; t^iCe^^A&^ntents. ot^ny 
do5irife*^HHbut etfedfirig dr' Wsfur6l^Vw''c6uiiM§ 
Qpjsratran the 8253 has special I'ptfmjaf SjgtCJhai can-be 
Va££i^sed using simple WR &ttmMdA.-i!0 'iWe MOOE 
J. register. Basically, when the programmer wishes.t& read 
the contents of a selected counter "on ftieTly" he IbapstRe 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register Is 
available. . ~ ~ n 

MODE Register lor Latching Count 



A0,A1 = 11 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


SCI 


SCO 










X 


X 


X 



SCI. SCO — specify counter to be latched. 
-DS.Dl* 00' designates counter latt^ing opei'Siff8fV.^ 
X — don't care 

The same limitation applies to this mode of reading the 
Counter as the previous method. That is, it is mandatory 
to complete the entire read operation as programmed. 
This command has no effect on the e&m^s mode. 



CLK 


3MHz 


2 


* 1.5MHz 


CLK 






80B5 








82535 



■It an 8085 clocit output is to drive an 8253-5 clock input, it must be cediiEed to 2 MHz or less. 



FIgurs 8. MCS-85^" Clock Interface* 
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ABSOLUTE MAXIMUM RATINGS' 



Ambient Temperature Under Bias 0°Cto70°C 

Storage Temperature -65°Cto+150°C 

Voltage On Any Pin 

With Respect to Ground ] -0.5 V to +7 V 

Power Dissipation 1 Watt 



'COMMENT: Stresses above those lisMSS^Se^^Abiof^ 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reiiability:' "t^M^.} 



D.C. CHARACTERISTICS (Ta = o°c to 70°C; Vcc = sv *$<i': 





PARAMETER 


MIN. 


MAX. 


UNITS 


test c©ig[iFn£a8S"*'^'?oi<' 




Input Low Voltage 


-0.5 


0.8 


V 


— ' — ^ \ — — • ' ftvri ■■jit 'fmH 


V,H 


Input High Voltage 


2.2 


Vcc+.BV 


V 




Vol 


Output Low Voltage 




0.45 


V 


Motel . . , ;4,„„o3 


VOH 


Output High Voltage 


2.4 




V 


Note 2 '■>'-'3 9f ; 


l|L 


Input Load Current 




±10 


HA 


V|N = Vcc to OV 
p«t 


lOFL 


Output Float Leal<a3e 




±10 


pA 


VOUT = Vcc to OV 


Ice 


Vcc Supply Current 




im 


mA 





Note 1: 8253, Iql = 1.6 mA; 8253-5, Iql = 2.2 mA. 
Note 2: 8253, Iqh = -1 50 nA; 8253-5, Iqh = "''OO mA. 



CAPACITANCE Ta = 25°C; Vcc = GND = OV 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


pF 


fc = 1 MHz 


A/o 


I/O Capacitance 






20 


pF 


Unmeasured pins returned to Vss 
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A.C. CHARACTERISTICS Ta = o°c to 70°C; Vcc = 5.ov ±5%; gnd = ov 
Bus Parameters (Note 1) 

V. '< 7 3 1, 

Read Cycle: 



SYMBOL 


PARAMETER 


82 

MIN. 


53 

MAX. 


82. 

MIN. 


53-5 

MAXl 




tAR 


Address Stable Before READ 


50 




30 




ns 


,tRA 


Address Hold Time for READ 


5 




5 




ns 


tRR 


READ Pulse Width 


400 




300 




ns 


tRO 


Data Delay From READ'^I 




300 




200 


ns 


toF 


READ to Data Float iag> 


25 


125 


25 


100 


ns 


'rv 


Recovery Time Between READ 
and Any Other Control Signal 


1 




1 


■■; |i 




Write Cycle: 


SYMBOL 


PARAMETER 


82 

MIN. 


S3 

MAX. 


82! 

MIN. 


>3-5 

MAX. 


UNIT 




Address Stable Before WRITE 


50 




30 




ns 


tWA 


Address Hold Time for WRITE 


30 




30 




ns 




WRITE Pulse Width 


400 




300 




ns 


tow 


Data Set Up Tirt*'for WR ITE 


300 




250 




ns 


twD 


Data Hold Time for WRITE 


40 




30 




ns 


tRV 


Recovery Time ^t)Kieen WRITE 
and Any Other ci^tro) Signal 


1 




1 




MS 



Notst: 1. AC timings measured at Vqh ' 2.2, VgL°* ''■S 

2 Test Conditions: 8253. Cl = lOOpF ,-8253.8: Cl = 1 50pF. 



Wrtie Timing: 



Read Timing 











^^^^ HIGH IMPEDANCE ^^^^ 


VALID 


HIGH IMPEDANCE 









Input Wavafonns for A.C. Tests: 

2.4 



0.45 




9-15 









8253 
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SYMBOL 


PARAMETER 


MIN. 




MAX. 


MIN. 


MAX. 


UNIT 


tCLK 


Clock Period 


380 


dc 


380 


dc 


ns 


tPWH 


High Pulse Width 


230 




230 




ns 


tPWL 


Low Pulse Wiath 


150 




150 




ns^^ 


tGW 


Gate Width High 


tso 




150 




ns_ 


tGL 


Gate Width Low 


100 




100 




ns 


tGS 


Gate Set Up Time to CLK f 


100 




100 




ns 


Ivj H 


Gate Hold Time A.ixer CLi ' 


50 










ns 


toD 


Output Delay From CLKil'l 




400 




400 


ns 


toOG 


Output Delay From Gateil^' 




300 




300 


ns 



1: Tost Conditions: 8253; Cl= 1 OOpF; 8253-5: Cl = 150pF. 



% y 

•gs— 



«GH- 



1* toDG — * 



-•gm 



r ' 



A 
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8255A/8255A-5 
PROGRAMMABLE PERIPHERAL INTERFACE 



m MCS-SS^" Compatible 8255A-5 

■ 24 Programmable I/O Pins 

■ Completely TTL Compatible 

■ Fully Compatible with Intel® Micro- 
processor Families 



■ Direct Bit Set/Reset Capability Easing 
Control /^ppliention Interface 

■ 40-Pin Dual In-Llne Package 

■ Reduces System Paclcage Count 



■ Improved Timing Characteristics ■ Improved DC Driving Capability 

The Intel" 8255^ is a general purpose prografflmable I/O device designed for use with Intel® microprocessors. It has 
24 I/O pins which rti^ be individually pr^rammed In 2 groups of 12 and used In 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be Input or output. In MODE 1 , the second 
mode, each grogp may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and S lines^ borrowing one from the other group, for handshaking. 



PIN CONFIGURATION 




mti NAMES 



0,-0, 


DATA pus Wr.piRECTIOIVAL) 


RESET 


RESET mruT 


i3 


CHtrttLECT 


a 


READINTUT 




WRITE INPUT 


AD. A1 


PORT ADDRESS 




PORT A (BIT) 




PORT B (BIT) 


KJ-KO 


PORT C (BITI 




•e VOLTS 


OHO 


f VOLTS 



825SA BLOCK DIAGRAM 



c 



per-* 



GPIOUP 



C T — ^ «^ 
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8255A FUNCTIONAL DESCRIPTION 
General 

The 8255A is a programmable peripheral interface (PPI) 
device deajQiw^ for, use in Ir^tel" , ipiprocomputer 
systems. Its functfon'^is that of a :gen^^ purpose I/O 
component to Interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
ti^ (^JI}e<82§5A is programmed by ^besxs^m software 
sdiTOThdrmauy n<S external logic fs ifecessary to Inter- 
face peripheral deviees or structures:" 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer I s used to interface 
the 8255A to tfie system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by ttie CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 



RoMtMWrite andi Control Logic 

The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts Inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control Groups. 



(CS) , . 

CMp Select. A "low" on this input pin enables the com- 
muniction between the 825SA and the CPU. 



(RD) 

Read. A "low" on this Input pin enables the 82SSA to 
send the data or status inforinatlon to the CPU on the 
data bus. In essence, if atiaws the CPU to "read from" 
the 8255A. 

(WR) 

Write. A "low" on this input pin enables the CPU to write 
data or control |f9nils.inH|.HWt82S5A. ;. y, g 

(Ao and Ai) 

Port Select and Port Select 1. These Input signals, In 
conjunction with the RD and WR Inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the leasf 
significant bits of the address bus (Aq and A^). 

8255A BASIC OPERATION 





Ao 


RD 


WR 


CS 


INPUT OPERATION IREADI 











1 





PORT A - DATA BUS 





1 





1 





PORT B •> DATA BUS 


J . 








1 





PORT C-> DATA BUS 












OUTPUT OPERATION 
(WRITE) 








1 








DATA BUS = PORT A 





1 


1 








DATA BUS - PORT B 


1 





1 








DATA BUS - PORT C 


1 


1 


1 








DATA BUS =• CONTROL 












DISABLE FUNCTION 


X 


X 


X 


X 


1 


DATA BUS - 3-STATE 


1 


1 





1 





ILLEGAL CONDITION 


X 


X 


1 


1 





DATA BUS -3-STATE 



TORT 



If OmECTKMAv DATA euS 



ram c 



K: PC. 



Figure 1. 825SA Blocic Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions' 
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(RESET) 

Reset. A "high on this input clears the control register 
and all ports (A, C, C) are set to the input mode. 

©roup A and Group B Controls 

The functional configuration of each port Is program- 
med by the systems software. In essence, the CPU "out- 
puts" a control word to the 8255A. The control word con- 
tains information such as "mode",i"bit set", "bit reset", 
fetCyithat initializes the functional configuration of the 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control Logic, receives 
"control words" froni the internal data bus and issues the 
proper commands to its associated ports. 

Control Group A - Port A and Port C upper (C7 C4) 

Control Group B - Port B and Port C lower (03 CO) 
The Control Word Register can Only be written into. No 
Read <f^emt\QB ttf the Control Word Register is allowed. 



Ports A, B, and C 

The 8255A contains three 8-blt ports (A, B, and C). All 
can be configured in a wide variety of functional charac- 
teristics by the system software but each has its own 
special features or "personality" to further entiance the 
power and flexibility of the 8255A. 

Port A. One 8-bit data output latch/buffer and one 8-bit 
data input latch. . i,.~ri jjc: 

Pi6rt]B, One 8-bit data input/outgy|.l||^'^^iH' and one 
S-bft data input buffer. ^ . v 

Port C. One 8-blt data output latch/buffer and one 8-blt 
data input buffer (no latch for Input). This port can be 
divided Into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status s)gnal-4n^® in 
conjunction with ports A and B. 
. .-Ti'ib vlwc',.." . ^ ro'U .A:' 'ir, 

v'rl Oi'i'Jpai (fU'jjrioq pvvT •>] bhh' J jh "' 'i 

'^SJ?ii.lti ■ItjfliUO 9flf to OA .?fl.j.-i.-.IT"i';. 'I i-m ' i 



MMtCnONU MT* Bus 



COMTBOL 



c 



GROUP 



■ -v^ 



Flgura 2. 822SA Block Diagram Showing Group A and 
Group B Control Functions 



PA.3C 
P*2 C 
PAtC 
P*tf 

CSC 
gndC 
*'C 

AO □ 
PC7C 
PC6 C 

PCSC 

PC4 r 

Pco rj 

PCI 

PC2C 

pc3r 

■.PBI C 



40 ^ WA4 

39 □ P*5 
■ ^ PA6 

, 3«7 
6 □ WR 

] RESET 
••p ■>!> 

' □ 

» H 

» 3.D, 

•p ■>. 

'">, 



3 

3 ns 

3«3 



PIN NAMES 




DATA BUS IBI DIRECTIONAL) 


RESET 


RESET INPUT 


CS 


CHIP SELECT 


no 


READ INPUT 


wn 


WRITE INPUT 


AO. Al 


PORT ADDRESS 


PA7PA0 


PORT A (BIT) 




P^RT B IBIT} 


' PC7 - PC0 


PORT C (BIT! 


Vcc 




GND 
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Mode Selection 

There are three basic modes of operation that can be select- 
ed by the system software: " " ' 

Mode — Basic Input/Output 
Mode 1 — Strobed Input/Output 

Mode 2 — Bi-Directionai Bus 

When the reset input goes "high" all ports will be set to 
the input mode (i.e., all 24 lines will be in ttie high im- 
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of tHe system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices wi)ltl,aiS{nTple software 
maintenance routine. 

The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
made ^ changed. Modes may be combined so that their 
fenctional definition can be "tailored" to almost any I/O 
structlii^. For instance; Group B can be programmed in 
Mode $ to monitor simple switch closings or display compu- 
tational r^lts. Group A could be programmed in Mode 1 
to monitor s keyboard or tape reader on an interrupt-driven 



ADDRESS BUS 



1 r 



CONTROL BUS 



A it J I . 




^V^/0 



j8|l/0 

»^*% ptypc, i'*r**o 



A T 



>lltl Hit 

CONTROL CONTROL PAj-PA- 
OR I/O OR I/O 



JHj/0 

PB^PBo I/O 



mnn 



8j_BI-DIRECTtONAL 



Figure 3. Basic Mode Definitions and Bus interface 



CONTROL WORD 



^7 D, Dc D, D, D, D. 



"O 



.}3ae^ 



PORT C (LOWER) 
1 = INPUT 
= OUTPUT 



PORT B 
1 = INPUT 
= OUTPUT 



MODE SELECTION 

0=MODE0 

1 ' MODE 1 



PORTCIUPP^I 
1- INPUT 

0- OUTPUT 



PORTA 
1- INPUT 

= OUTPUT 



MODE SELECTION 

00 = MODE 

01 " MODE 1 



1- ACTIVE 



Figure 4. lUlode Definl^on^^^t 



-Ttle'^pde definitions and possible mode combinations 
may 4eem confusing at first but after a cursory review of 
the c&mplete device operation a simple, logical I/O ap- 
'(^osSOti will surface. The design of the 82SSA has taken 
Into account things such as~efficient PC board layout, 
control signal definition vs -PC-^ayeut' ttnd complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design repretenile 
the maximum use of the available pins. 



Single 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirement In Control-based applications. 
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CONTROL WORD 



0, Dj 0, D, Dj Dj D, D„ 



DON'T 
CAR^ 



Figure 5. Bit Set/Reset Format 



BIT SET/RESET 
1 =SET 
- RESET 



3|4|5!6'7 



1 |o; 1 1 

I'O 1 1 Bi 
°l 'i''l"'iB? 



BITSETmESET FLAG 
0^ ACTIVE 



When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration iuit as if they were data output ports. 

Interrupt Control Functions 

When the 8255A is programmed to operate In mode 1 or 
mode 2, control signals are provided that can be used as 
Interrupt request Inputs to the CPU. The Interrupt re- 
quest signals, generated from port C, can be Inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset fundtion of port C. 

This function allows the Programmer to disallow or allow a 
specific \/0 device to Interrupt tfie OPU without afflicting 

any other device in the interrupit-smjcture. 

INTE flip-flop definition: 

(BIT-SET) - INTE is SET - Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 

' Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 



Operating IModes 



MODE (Basle inputfOutput). This functional configura- 
tion provides simple input and output operations for 
each of the three ports. No "handshaiting" is required, 
data is simply written to or read from a specified port. 



Mode Basic Functional Definitions: 

• Two 8-bit ports and tvuo 4-bit ports. 

• Any port can be input or output. 

• Outputs are latched. 

• Inputs are not latched. 

• 16 different Input/Output configuratioits are possifeile 
in this Mode. 



X 



-J-t, 



7^ 



X 



■ <DF- 



> 



MODE (Basic input) 



7^ 



X 



X 



4^ 

— 



X 



MODE (Basic Output) 
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8255A/i^iii^ 

MODE Port Oefinition 



A 


B 


GROUP A 




GROUPS 


D4 


D3 


Dl 


Do 


PORT A 


PORT C 
(UPPER) 


# 


PORT B 


PORT'C 
(LOWER) 


Q 


Q 


Q 


Q 


OUTPUT 


OUTPUT 





OUTPUT 


OUTPUT 





Q 


Q 




OUTPUT 


OUTPUT 


1 


OUTPUT 


1 NPUT 


Q 


Q 







OUTPUT 


OUTPUT 


2 


INPUT 


OUTPUT 


Q 









OUTPUT 


OUTPUT 


3 


INPUT 


1 NPUT 





^ 


Q 





OUTPUT 


INPUT 


4 


OUTPUT 


OUTPUT 





1 





1 


OUTPUT 


INPUT 


5 


OUTPUT 


INPUT 





1 


1 





OUTPUT 


INPUT 


6 


INPUT 


OUTPUT 





1 


1 


1 


OUTPUT 


INPUT 


7 


INPUT 


INPUT 













INPUT 


OUTPUT 


8 


OUTPUT 


OUTPUT 










1 


INPUT 


OUTPUT 


9 


OUTPUT 


INPUT 







1 





INPUT 


OUTPUT 


10 


INPUT 


OUTPUT 







1 


1 


INPUT 


OUTPUT 


11 


INPUT 


INPUT 




1 








INPUT 


INPUT 


12 


OUTPUT 


OUTPUT 




1 





1 


INPUT 


INPUT 


13 


OUTPUT 


INPUT 




1 


1 





INPUT 


INPUT 


14 


INPUT 


OUTPUT 




1 


1 


1 


INPUT 


INPUT 


15 


INPUT 


INPUT 



lyitnor. ti. 



CONTROL WORD c2 
D, D, 



. (-ni» Ut<i'.. 



• • J :q '"""'If 




CONTROL ««ORD*i 

°7 0. °s °t °2 °2 Dl "o 



1 1 1 



D,-D, 




MODE Configurations 



CONTROL WORD ^0 
"> °» °5 "« °3 °2 °1 °0 



• 




















■ 




CONTROL WORD *1 

D, O, D5 D, Dj Dj D, D, 
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CONTROL WORD fi4 
I>7 Dg D, D3 Dj O, Do 



1 1 





A 

S28SA 

•{ 

B 


/i— 


• /* 













CONTROL WORD =8 
D, D5 D3 D; D| Dp 

1 1 





A 

825SA 

C - 

B 


- — 


A— 


A— 










- PBj PBo 



CONTROL WORD #5 
D7 Pe Ps P- Di °f> 



"2 "^l "0 



CONTROL WORD »9 
D, Dg D5 0^ D3 D; D, D(, 



1 1 



1 1 1 





A 

8255A 

■{ 

B 


/' . 


■ /* 


• /' 




r' > 






CONTROL WORD N6 

O7 Dfi O5 D* Dl Do 



CONTROL WORD alO 

D7 Dfi D5 P« P3 °! Pi Pfl 



1 1 1 



10 10 10 












A 

82S5A 

C - 

B 


■ /' ~ 


A-^ 


— 




■ /• 





PA,M, 



CONTROL WORD #7 

°-l °li °i °' t>, D, D, D„ 



Uj U, Ujj 



CONTROL WORD «11 

D, D, D5 D4 D, Dj D, D„ 



PA,PA„ 




-7^^ "Kh-Kt 



-A 
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D, D, D, Oj Dj 0, a. 



1 1 1 S 



CONTROL WORD »13 

D, Dj D5 D, Dj Dj D, Dj 



1 1 1 1 



07*0 



— ""A,, 






A 

e255A 

c - 

B 


■ /' 


. /' 


■ /' 










Oj D« Of D, 0, P, D, 0„ 



1 








1 


1I 




1 







CONTROL W0HD»15 
D, D5 0, Dj 0, D|| 





A 

825SA 

C - 

B 




- — 


■ /" 




■ /' 






Opsrating Modes 



MODE 1 (Strobed Input/Output). This functional con- 
figuration provides a means tor transferring I/O data to 
or from a specified port in conjunction witfi strobes or 
"handsfiaking" signals. In mode 1, port A and Port B use 
the lines on port C to generate or accept these "hand- 
stiaklno" signals. 



Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 

• Each group contains one 8-bit data port and one 4-bit 
control/data port. 

• Tlie 8-bit data port can be either input or output. 
Both Inputs and outputs are latched. 

• The 4-blt port is used for control and status of the 
8Tb,itdat»j 



I 
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input Control Signal Definition 

STB (StrotM Input). A "low" on this Input loads data into 
tlie Input latct). 

IBF (Input Buffer Full F/F) 

A "tij#i" on this 9utput indlcat^,Jli^ |[»'ij8ta has been 
loa^eitlnto the input latch:in essence, ah acknowledgement 
IBF Is set by STB Input being low and Is reset by the rising 
edge of the RD Input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an input device Is requesting service. INTR is set by 
the §fl is a "Ohe", IBF is a "orie|^ and INTE Is a "one". 
It Is reset by the falling edge of RD. This procedure allows 
an Input device to request service from the CPU by simply 
strobing its data Into the port. 



INTE A 

Controlled -by bit set/reset of PC 4. 
INTEB 

Controlled by bit set/reset of PCj. 





M(H>E liPORT A) 




r, CONTROL WORD - ' 

Oj Dg D5 D3 Dj D, Df, 




■■ •?< 


<^.- 


MohhIvoMXM 

^ 1 => INPUT 
= OUTPUT 


; ,NTE 1 


PC. 


- — ?^j> . 

' iSF. 


RD ^ 




^ INTR. 












MODE 1 (PORT B) 




CONTROL WORD 
D? °6 °5 D, D(, 


r n 

I INTE 1 


P8,PB„ 




;tl-i.M!^IMMaitiiJXl 


♦ * 


PC, 


STBj 




PC, 
^0 


► IBFj 

INTI^ 






.1 





Figure 6. MODE 1 Input 




INPUT FROM 
PERIPHERAL 



Figure 7. MODE 1 (Strobed Input) 
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Output Control Signal Definition 



OBF (Output Buffer Full F/F). The OBF output will go 
"low" to indicate that the CPU has written data out to 
the specified port. The OBF F/F wilf set by the rising 
edge of the WR input and reset by ACRlnput being low. 



ACK (Acknowledge Input). A "low" on this input informs 
the 8255A that the data from port A or port B has been ac- 
cepted. In essence, a response from the peripheral 
device Indicating that it has received the data output by 
the CPU. 



INTR (Interrupt Request). A "high" on this output can be 
used to Interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR Is set when 
ACK is a "one", OBF is a "one" and INTEIsa "one". It is 
reset by the falling edge of WR. 



INTE A 

Controlled by bit set/reset of PCg. 
INTE B 

Controlled by bit set/reset of PC2. 



MODE 1 (PORT A) 



CONTROL WORD 
D, Ds D5 D, D3 D; D, Do 

. iU:°LiJ.°h/°M^ 

•,;.-.-pl.i.iv. I K,^ 

0- OUTPUT 



WR • 

- ,- iViUiLCTfli . ' V 

I .> a r ;V' , - ■ 
. .- ■ ; 3Tt>l l3f.^. ■ 

D, De D^ D, D3 D; D, D|, 



PAjJ-A, 



I A J ^ 



(PORTB) 



ant 
31 
A 

i ?l ^( 
to sobs 

■ INTR. 




FlQwnNI; IWpf ttiiMl 



^ — I].. 


/ 

fM'^--^ — -| 






L 


\ 


/I 










Fl8ui« 9. Mode 1 (Strobed Output) 
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Combinations of iMOOE 1 . .. 

Port A and Port B can be individually deftned as input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications. 




PORT A _ (STROBED INPUTI 
PORT B - (STROBED OUTPUTI 



'.V '■))*7M<-j 



(XINTROLWORD 
O7 °6 °5 °4 °3 02 Dl "0 



10 10 1/0 I 1 











PA,PA„ 








-OBF. 










«^ 




PC, 


►IHTB, 




'*4.S 


2 

' / » I/O 




PB,I>B, 






PC, 
PC, 


STB, 

IBFb 




PC, 


» lOTR, 



PORT A - (STROBED OUTPUTI 
PORT B - (STROBED INPUTI 



FIgura 10. Combinations of MODE t 



Operating Modes 

IMOOE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for communicating with 
a peripheral device or structure on a single S bit bus for 
both transmitting and receiving data (bidirectional bus 
I/O). "Handshaking" signals are provided to maintain 
proper bus flow discipline In a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
alsoavaflable. 

ly^ODE 2 Basic Functional Definitions: 

• Used in Group A only . 

JlLi^ 8-bit, bi-directional bus Port jPort A) and a 5-bit 
control Port (Port C). 

• Bott« inputs and outputs are latctied. 

• The 5-bit c^nt^i port (Port O is iMpd for control 
and status for the 8-bit, bi-directional tjus port (Port 
A) 

Bidirectional Bus i/0 Control Signal Definition 

INTR (Interrupt Request). A high on this output can be 
used to interrupt tlie CPU for both input or output opera- 
tions. 



Output Operations 

OBF (Output Buffer Ful). The OBF output will g^ "low" 
to indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A "low" on thiis input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be In tho high im- 
pedance sAaie. . . _ _. 

INTE 1 (The INTE Fllp-Flop AssciSiiMi#l.pWM!(»*- 
trolled by bit set/reset of PCg. 

Input Operations • 

'jv 

§fB (StrdM Input) 

STB (Strobe Input). A "low" on tills input loads data Into 

the Input latch. 

IBF (Input Buffer Full F/F). A "high" on this output In- 
dicates that data has been loaded Into the input latch. 

INTE 2 (The INTE Fllp-Flop AssM^MbwitlitiMF). Con- 
trolled by bit set/reset of PC4. 
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CONTROL WORD 

D, Dj D5 D, O3 Dj D, D„ 



1 - INPUT 
0- OUTPUT 



- PORTS 
1 - INPUT 
0- OUTPUT 



■ GROUP B MODE 
0-MOOEO 
1 - MODE 1 




Figura ll. MODE Control Word 



Figure 12, mSi^i 



DATA PROM 
■ CPU TO •2SM 



m 

'ni 1p . .1, -, 

' IBP 



A 



■•■> •'.•>):•<) JU-t 

.w; iK> -I.'' 



4- 



'adI-" — - 



if,- 1. 



-<~D— — — - 



DATA FROM 
PERIPHERAL TO USSA 



DATA FROM 
•25SA TO PERIPHERAL 



DATA FROM 

ussAToaoao 



Fi^Mi* 13. MODE 2 (Bidirectional) 



NOTE: Any iiqu«iic« whgfe WR acc urt b^ ore AGK and S T B occu ri b«foi»S 5 a i i p > iy inl«tible. 
l''C { ttjVrti'-t^ttiPvttlASK • STB MASK • ACIC • WR 1 ■.^■■OC'.' <■:.<. ■ 
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MODE 2 AND MODE (INPUT) 




I'll 

I'. I 

I"! 

Wi 



MOOE 2 Ai\iD M<}OE (OUTPUT) 

•'UO ' I'! 



ruo 



CONtHOlWORD 

°7 °6 °5 °4 °3 °2 "l "o 



HI 



1'- INPUT 
0> OUTPUT 




MODE 2 AND MODE 1 (OUTPUT) 



M00E2 AND MODE 1 (INPUT) 



CONTROL WORD 
D, Oj D5 D, O3 Dj D, D, 




CONTROL WORD 



D, D, D, D, D3 D; D, D|| 




r14. MODE 2 Combinations 
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,/ 

8255A/8i^K¥ 



mode Definition Summary 





MODE 




IN 


OUT 


PAo 


IN 


OUT 


PA, 


IN 


OUT 


PA2 


IN 


OUT 


PA3 


IN 


OUT 


PA4 


IN 


OUT 


PA5 


IN 


OUl 


PA6 


IN 


OUT 


PA7 


IN 


OUT 


PBo 


IN 


OUT 


PB, 


IN 


OUl 


PB2 


IN 


OUT 


PB3 


IN 


OUT 


PB4 


IN 


OUT 


PB5 


IN 


OUT 


PBe 


IN 


OUT 


PB? 


IN 


OUT 


PCo 


IN 


OUT 


PC, 


IN 


OUT 


PC2 


IN 


OUT 


PC3 


IN 


OUT 


PC4 


IN 


OUT 


PCs 


IN 


OUT 


PCs 


IN 


OUT 


PC7 


IN 


OUT 



MODE 1 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


IN 


OUT 


INTRg 


INTRb 


IBFb 


OBFb 


STBb 


ACKb 


INTBa 


INTRA 


STBa 


I/O 


ibfa 


I/O 


I/O 


ACKa 


I/O 


OBFa 



MODE 2 



I/O 

I/O 
INTRA 
STBa 
IBFa 
ACKa 
OB?A 



MODE 
OR MODE 1 
ONLY 



Speelai Mods Cembinatlon Considsrations 

TI'P^injsiHiyfraiiiiSjimbinations of modes when not all of the 
Bits in Port C ai% used for control or status. The remaining 
bits can be used as follows: 

If Programmed as Inputs — 

All input tines can be accessed during a normal Port C 
read. - . 

If Programra^ as Outputs — .'f , 

Bits in C upper (PC7-i'C4) must be indMdually accessed 

using the bit set/reset function. 

Bits in C lower (PC3-PC0) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 

Source Current Capability on Port B and Port C 

Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 

iMdInfl Port C S^tus 

In Mode 0, Port C transflBrs data to or ftom the peripheral 
device. When tlw 8255 is prograrnmed to function in Modes 
1 or 2, Port C generates or accepts "RaSa-sliaking" signals 
MMi the peripheral device. Reading the contents of Port C 



allows the programmer to test or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 







INPUT CONFIGURATION 

D5 Oj D3 D, D, 


Do 




I/a . 




INTE, 


INTR,^||NTEb| IBFg 





GROUP A GROUP B 

OUTPUT CONFIGURATfOhf 



















OBF. 


INTE, 


I/O 


1/0 


INTR, 


INTEj 


OBFj 


INTRj 



Figure 15. MODE 1 Status Word Format 



OBF^j 



-i>rixixi 



GROUP A GROUP B 

(DEFINED BV MODE OR MODE 1 SELECTIONI 



FlsBiiiii liQDE 2 statM'#ii»i 'Format 
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APPLICATIONS OF THE 825SA 

The 8255A is a very powerful tool for interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and Is flex- 
ible enough to Interface almost any I/O device without 
the need for additional external logic. 

Each peripheral device in a microcornputer system 
usuaUy has a "service routine" associated with it. The 
Youtihe ttianages the software interface between the 
device and the CPU. The functional de^pition of the 
82S>A is programmed by the I/O servl^ routine and 
beconies an extension of ttie systeiit s^tware. By ex- 
amining the UO devices interface charicteristics for 
jjjoth data transfer and timing, and fhatgfiing this infor- 
patlon to the examples and tables in the detailed opera- 
lional description, a control word can ^liy be devel- 
oped to initialize the 62SSA to exactly "fii" the applica- 
tion. Figures 17 through 23 present a few examples of 
lypleal applications of the 825SA. 



INTERRUPT 
REQUEST " 



MODE 1 
(OUTPUT) 



PA. 



MODE 1 
(OUTPUT) 



INTERRUPT 
RE(^EST 



DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 



DATA READY 
ACK 



HAMMER 
RELAYS 



DATA BEADY 
ACK 

PAPER FEED 

FOFWARD/REV 

RIBBON 

CARRIAGE SEN. 



CONTROL LOGIC AND DRIVERS 



17. Printer Interface 



INTERRUPT 
REQUBT 



PCs 

•25SA 



PA. 



MODE 1 i . . 
(INPUT) I 

PA, 



MODE 1 
(OUTPUT) 



INTERRUPT 
REQUEST 



FULLY 
DECODED 
KEYBOARD 



SHIFT I 

cbNtm^ 



STROBE 
ACK 



g BURROUGHS 
2 SELF-SCAN 

B3 onruiv 

B. 

BASKSMcr' 



DATA READY 
ACK 

BLANKIiyG 
CANeEl|wORD 



Figure 18. Keyboard and Display Interface 



INTERRUPT 
REQUEST 



I 



PC3 






PA, 






MODE 1 


PA3 


(INPUT) 


PA, 






•25SA 






PA, 




PC. 












PC, 




■■Bo 




™, 




PBj 


MOpEO 


PB3 


(INPOTI " 


PB, 




PB5 




PB, 




PB, 



FULLY 
DECODED 
KEYBOARD 



SHIFT 
CONTROL 



STROBE 
ACKNOWLEDGE 
BUSY LT 
TEST LT 



-a- 

-a-' 

-<f' 

-cT' 

-cT' 

-CT' ' 

-<r' 



-D 

" ~D 

" -B 



" ~B 

-"0 

"■>> 



TERMINAL 
ADDRESS 



Figure 19. Keyt>oard and Terminal Address Interface 
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MODE 
(OUTPUT! 



BIT 
SET/RESET 



MODE 
(INPUT! 



12BIT 
DA 

CONVERTER 
IDAC) 



STB DATA 
OUTPUT EN 



SAMPLE EN 
STB 



A-D 
CONVERTER 
lADCl 



' ANALOG OUTPUT 



- ANALOG INPUT 



MODE 
(OUTPUTI 



FLOPPY DISK 
CONTROLLER 
AND DRIVE 



DATA STB 
ACK (IN! 
DATA READY 

ACK mm •■ ■ ^; 

TRACK ,"(>"^NiipH ,, 
SYNCK^V ^ 
INDEX ' . 



ENGAGE HEAD 
PORWAftD/REV. 
READ ENABLE 
WRITE ENABLE 

DISC SELECT 
ENABLE CRC 
TEST 



sb lenoii 
• I ulbw 
.noH 
16 Isa'qvl 



Figure 20. Digital to Analog, Analog to Digital 



Figwa 22.. Basic Floppy Disc interfaco; 



INTERRUPT 
REQUEST 



n 



MODE 1 
(OUTPUT) 



MODE ^ 
lOUTPUTI 



INTERRUPT 
REQUEST 



CUT CONTROLLER 

• CHARACTER GEM. 

• REFRESH BUFFER 

• CURSOR CONTROL 



SHIFT i ■ 

CONTROL " ] .. 

!.. 

DATA READY 
ACK 

BLANKED 
BLACKAVHItE 



ROW STB 
COLUMN STB 
CURSOR HAT STB 



CURSOR.'ROW/COLUMN 
ADDRESS 



PCj 


'•\ 




















PA, 
























p 8 LEVEL 
' PA^ER 
R3 'TAPE 
p, READER ' 








PA, 
PA3 


























PA5 

'■\ 
PA, 

PC, 










MODE 1 








IINPUTI 




















STB 






«^ 




ACK 












<«6 




STOP/GO 










8265A 




MACHINE TOOL 






'pc„ 

PC, 
PCj 




STARlbstl!*' 
LIMIT'S»^R miif)^ 
OUT OF FLUID ' 




MODE 




1 
1 


(INPUTI 




1 
















CHANGE TOOL 












PB, 




LEFT/RIGHT 
UP/DOWN 

NOR. STEP STROBE 










MODE 


PBj 
PB3 










(OUTPUTI 


PB, 




VERT. STEI* STROBE 










PB5 




SLEW/STEP 
















FLUID ENABLE 






™6 








PB, 




EMERGENCY STOP 











Figiire 21. Basic CRT ContrelK^MMtifface 



Figure 23. Machine Tooi Controller Interface 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. 0°C to 70"C 

Storage Temperature — 65''C to +150°C 

Voltage on Any Pin 

With-Respect to Ground -0.5V to +7V 

Power Dissipation r • ■ • 1 



'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods rnay. affKt jfewce 
reliability. ' 



D.C. CHARACTERISTICS 

Ta = 6^C to 70*S, Vcc = +5V ±5%: GND ? OV 



SYMBOL 


PARAMETfR 


WIIN. 


MAX. 


UNIT 


TEST CONDITIONS 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 






Input High Voltage 


2.0 


Vcc 


V 




Vol (db) 


Output Low Voltlage |[3ata Bus) 




0.45 


V 


loL = 2.5mA 


Vol(PeR) 


Output Low Voltage (F'eripheral Port) 




0.45 


V 


Iql = 1 .7mA 


Voh(DB) 


Output High Voltage (Data Bus) 


2.4 




V 


lOH = -400mA 


Voh(PER) 


Output High Voltage (Peripheral Port) 


2.4 




V 


lOH = -200/aA 


IfMVRl^ 1 


Darlington Drive 'Q*f«i|t_ _ 


-1.0 


-4.0 


mA 


REXT = 750n;VEXT=1-5V 


ICG 


Power Supply Current . 




120 


mA 




l|L 


Input Load Current 




±10 


/"A 


V|N = Vcc to OV 


lOFL 


Output Float Leakage 


±10 


ma 


VOUT = Vcc to OV 



Nate 1 : Aval lable on any 8 pins from Port s snci G. 

■4- - - 

Ta =25°C; Vcc = GND = OV 



SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 




Input Capacitance 






10 


pF 


fc= 1MHz 




1/0 Capacitance ' ^ 






20 


PF 


Unmeasured pins returned to 6ND 



j 

t: 



-O Vext' 



*Vext 'S set at various voltages during testing to guarantee the specification. 

'■'T 



T 



750!! 

-Wv- 



tOOpF 



Figure 24. Test Load Circuit (for dB) 
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A.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = +5V ±5%; GND = OV 

Bus Parameters 
ReMi: 







8255A 


8255A-5 




SYMBOL 


PARAMETER 


MIN. 


MAX. 


MIN. 


MAX. 


UNIT 


tAR 


Address Stable Before READ 












ns 


tRA 


Address Stable After READ 











ns 


tRR 


READ Pulse Width 


300 




300 




ns 


tRD 


Data Valid From READHI 




250 




200 


ns 


tDF 


Data Float After READ 


10 


150 


10 


100 


ns 


tRV 


Time Between R EAPs and /or WR IT Es 




f. 


850 







WrftK 



SYMBOL 


PARAMETER 


8255A 


8255A 5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tAW 


Address Stable Before WR ITE 


0' 









ns 


tviiA 


Address Stable AfttT W^ITE 


■ 20 ^ 








ns 


tvvw 


WRITE Pulse Width 


4» 




300 






tow 


Data Valid to WRITE (T.E.) 


100 - 




100 




ns ^ 


tWD 


Data Valid AfiHf,! RITE 


30 




30 




ns 


Other Timings: ' . J . 


SYMBOL 


PARAMETER 


82S5A 


82S5A-5 


UNIT 


MIN. 


MAX. 


MIN. 


MAX. 


tWB 


WR = 1 to Output! 11 




350 




350 


ns 


t|R 


Peripheral Data Before RD 














tHR 


Peripheral Data After RD 












ns 


tAK 


ACK Pulse Width 


300 




300 




ns 


tsT 


^<B Pulse Width 


500 




500 




ns 


tPS 


Per. Data Before T.E. of STB 












ns 


tPH 


Per. Data After T.E. of STB 


180 




180 




ns 


tAD 


ACK = 0t(Q Output'^ 1 




300 




300 


ns 


tKD 


ACK = 1 to Output Float 


20 


250 


20 


250 


ns 


tWOB 


WR = 1 to OBF = Ol'l 




650 




650 


ns 


UOB 


ACK= OtoOBF = llll 




350 




350 


ns 


tSIB 


STB = to IBF = ini 




300 




300 


ns 


*RIB 


RD = 1 to iBF = ^1 




300 




300 


ns 


tRIT 


RD = to INTR = O'^l 




400 




400 


ns 


tSIT 


STB = 1 to INTR - ll^l 




300 




300 


ns 


tAIT 


ACK= 1 to INTR = lUl 




350 




350 


ns 


tWIT 


WR = Oto INTR = Ol^l 




850 






1 ns 



Hour. 1. Ten Conditions: 8255A: Cl.= 100pF:8255A-5: C|_ = 150pF. 

2, Period of Rewt pulse must beat laastSOfis during or after powflr on. - - - 

Subsequent Reset pulse can be 500 ns min. ^ . :'..':'*'..' \ Hv r 



NOTE: 
The 82S5A-S specifica- 
tions are not final. Some 
parametric limits are sub- 
ject to change. 
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2.4- 
0.W- 



X^^ot::^ z^^'i^Kf 
~; TEST POINTS Y 
0.8^ ^osy x 



Figure 25. Input Waveforms for A.C. Tssts 



£I,A1..M) 





■« '■ ^l^ 


— 'hr— ►! 




>: 




X 


- — — - 




'ra ► 


>■ - ^ 




X 








-< >; 

• 'ro * 


y 

* ■- — «w. ► 



Plllimae. MOBE O (Basic Input) 



O7-O0 



AO 



K 



-Vis- 



FIsim 27. MODE (Basic Output) 
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DATA FROM 
' 8080 TO 82S5 



\ 



2= 



- — 




/ — • 'rib 



DATA I- ROM 
PERIPHERAL TO a: 



DATA FROM 
8255 TO PERIPHERAL 



DATA FROM 



Figure 30. MODE 2 (Bidirectional) 



NOTE: Any sequence where WR occ ur s be fo re AC K end S TB occurs before RO is potj^nsj^^ibje. 
(INTR ='lBF • MASK • STB • Hd+SI? • WpK • ACK • WR F 



1 



:,.r 



itMAM Ml'-* 



J- 
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8259A 

PROGRAMMABLE INTERRUPT CONTROLLER 



■ MCS-86™ Compatible 

■ MCS-SO/SS^** Compatible 

■ Eight-Level Priority Controller 

■ Expandable to 64 Levels 



■ Programmable Interrupt Modes 

■ Individual Request Mask Capability 

■ Single + 5V Supply (No Clocks) 

■ 28-Pin Dual-ln-Line Package 



The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for ttie CPU. It Is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged In a 28-pin DIP, usMS 
NMOS technology and requires a single + 5V supply. Circuitry Is static, requiring no clock Input. 

Th»8K9A Is designed to minimize the software and real time overhead tn-haiidHtiig W i ti l' H'tewi- priority Interrupts. It has 
several modes, permitting optimiza tion t or a variety of s^stenr/equirements. 

The8259A Is fully upward compatibte whh the Intel*' 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered;' Bdg[e-Triggered). 



PIN CONFIGURATION 



BLOCK DIAGRAM 



SrC 2 

SBC 3 

DfeC 5 

O4C 7 

DjC 8 

DjC 9 

D,C 10 

CASOC 12 
CASiC 13 

gndC i< 



3Vcc 

26 Dint A 

26 3lR7 

24 3 ms 
23 Dibs 
22 nm*' 

21 3)R3 
20 3lf" 
19 DlRI 
18 I]IRO 
17 DINT 
16 D^/lN 
IS 3 CAS 2 






PIN NAMES 


' ' 
CS 




DATA BUS IBI-OIRECTIONAU 




RD 


READ INPUT 


CASO • 


WR 


WRITE INPUT 


CAS 1 - 




COMMAND SELECT ADDRESS 


CAS 2 - 


cs 


CHIP SELECT 


CAS2XAS0 


CASCADE lines" 






SLAVE PROGRAM INPUT/ENABLE 


SP.'EN - — 


INT 


INTERRUPT OUTPUT 




Tnta 


INTERRUPT ACKNOWLEDGE INPUT 




IRO-IR? 


INTERRUPT REQUEST INPUTS 





READ/ 
WRITE 
LOGIC 



T 



CASCADE 
BUFFER/ 
COMPARATOR 



CONTROL LOGIC 



IS 



SERVICE 
REG 
{ISflt 



o 



PRIORITY / 
RESOLVER ' 



[h 



INTERRUPT 
REQUEST 
REG 
(IRR) 



-IRS 
-IR6 
-IR7 



iMi^ftAllPT MASK REG 
IIMRt 



^INTERNAL BUS 



Mm CORraiUTIQN ASSUMES NO RESPONSHUTY FOR THE USE OF ANY CRCUITRV OTHER THAN CRCUITRY EMBODIED IN AN WTa ntODUCT. NO OTHER CHCUT PATENT UCENSB ARE MPUB). 
e|RELC0IPQRATI0H,»79 
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INTERRUPTS IN MICROCOMPWER 
SYSTEMS 

Microcomputer system design requires that I/O devices 
such as Iceyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 

The most common method of servicing such devices is 
the Polled approach. This is whero the processor must 
test each device In sequence and In effect "ask" each 
one if it needs servicing, it is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effecl on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 

A more desirable method w/ouid be one that would allow 
the microprocessor to be executing Its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor tha? it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will s.ervice the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where It left off. 

This method is called Interrupt, it is easy to see that 
system throughput would drasticjilly increase, and thus 
more tasks could be assumed by the microcomputer to 
further SutiMce Its cost effectiveness!; 

tlw ProgrammaMS Interrupt Controller (PIC) functions 
aa an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based; ^ this determination. 
Each peripheral device or structure usually has a special 
program or "routine" that Is associated with its specific 
functional or operational requirements; this is referred 
to as a "service routine". The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can "point" the Program Counter to the 
service routine associated with the requesting device. 
This "pointer" is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data 

82SgA BASIC FUNCTIONAL DESCRIPTION 
GENERAL 

The 6259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems, it 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8.259A's (up to 64 levels). 
It is programmed by the system's software as an I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 



match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the f^^^|p^^^^$^^|^Mi#it. 

•dt ii.TiteL'O'il 'Ml.. ."!pliT'.- 2ibvi{ f . . . 




PolM Method 



CPU INT 




Intemipt Method 



ine imerrupis ai ine m inpui lines are nanaiea oy two 
registers in cascade, the Interrupt Request Register 
(IRR) and the In-tService Register (ISR). The IRR is used 
to store all the Interrupt levels which are requesting ser- 
vkie; and the ISR Is' used to store all the interrupt levels 
which are t>elng serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and s trobed 
into the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which masl< ihe interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input The 
Vqh iBvel on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input {levels. 

INTA (INTERRUPT ACKNOWLEOaEi j 

INTA pulses will cause the 82S9A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode ((jPM) of the 8259A. 

DATA BUS BUFFER 

Thte'S^tate, bidirectional 8-bit buffer is used to inter- 
face the 82S9A to the system Data Bus. Control words 
and status Information are transferred ttirough the Data 
Bus Buffer. 



READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput com- 
mands from the CPU. It contains the nitialization Com- 
mand Word (ICW) registers and Opcsration Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the82S9A to be transferred onto the 
Data Bus. 



OS (CHIP SELECT) . 

A LOy^on this^ input enables the 82S9A:-f4o reading or 
writing of the chip will occur unless the device is 
selected. 

WR (WRITE) 

A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 
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RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 



This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCAI^ Alii^PEWCOMPARATOR 

Thl9 fimction block stores and qompares the IDs of all 
8259A's used in the system. The associated three I/O 
pins (CASO-2) are outputs When the S2S$A is used as a 
master and are Inputs when the 82S9A is used as a 
slave. As a ma^e^^fi^A ^end^h^lO of the inter- 
rupting slave device onto the OASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
jBC^fess ont o the Oata Bus during ttie n^xt one or two 
ee^^eicutive INTA pulses. (See sectlort "Cascading the 
^59A".) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcomputer 
system are its programmablllty and the interrupt routine 
addressing capability. The latter ailows direct or indirect 
jumping to the specific Interrupt routine requested 
without any polling of the Interrupting devices. Trie nor- 
mal sequence of events during an Interrupt depends on 
the type of CPli tfeifig used. 

The events occur as follows In an MCS-80/85 system: 

I.One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, settiaft^pqr||)Sponding IRR 
bit(s). 

2. The 8259A evaiuates [hese requests, and sends an 
INT to the CPU, if appropriate. 

3. The C PU acknowledges the INT and nesponds with an 

INTA puise. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A wiii also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initicite two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is leleased at the first 
INTA pulse and and the h igher 8-bit address Is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL mstruction released 
by the 8259A. In the AEO I mode the ISR bit is reset at 
the end of the third INTA pulse. Oiherwise, the ISR bit 
remains set until an appropriate EOl command Is 
ismied at the end of the Interrupt sequence. 

The events occurring In an MCS-86 system are the same 
until step 4. 

4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and ttie corresponding IRR 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 

5. The MCS-86 CPU will Initiate a second »ffA, pulse. 
During this pulse, the 8259A releases an 8-blt pointer 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode 
the ISR bit Is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOl command Is issued at the end of the 
Interrupt subroutine. 



If no Interrupt request Is present at step 4 of either 
sequence (i.e., the request was too short In duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
b;^es and the CAS lines will look like an interrupt level 7 

wis f^AMiefe'''^ - ' '-^ ■ ' 
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INTERRUPT SEQUENCE OUTPUTS 

MCS-80/85 SYSTEM 

This sequ ence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 

Content of First Interrupt 
Vector Byte 

07 0« D5 04 1)3 02 D1 00 



CALL CODE 



During the second INTA pulse the lower address of the 
appropriate service routine Is enabled onto the data bus. 
When Interval = 4 bits A5-A7 are programmed, while Aq- 
A4 are automatically inserted by the 6259A. When Inter- 
val = 8 only Ag and A7 are prograrnmsd, 1»hile A0-A5 are 
automatically inserted. 

Content of Second Interrupt' 
Vector Byte 



m 


Intanal - 4 




D7 


D« 


05 


04 


D3 


□2 


01 


00 
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A6 
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DO 
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6 





e 





5 


A7 


A6 


1 





^ f 










4 


A7 


A6 


t 

















3 


A7 


A6 





1 


1 











2 


A7 


A6 





1 














1 


A7 


A6 








1 











^ 0.- 


A7 


A6 








1 0' 


' ' . 









During the third INTA pul?e i 



' address of the 

appropriate service routine/wiiBh 'wis programmed as 
i^e 2 of the initialization^- ^<i|(Li4hiob (As-A^s), is 
ehabled onto the bus. -..v > 



Content of Third Interrupt 
Vector Byte 

Oe OS D4 D3 D2 D1 DO 



A\* 



A13 



A12 



A11 



A10 



MC»W SYSTEM ; vit.. 

MCS-86 mode is similar to MCS-80 mode except that 
only two Interrupt Acl^nowledge cycles are issued by 
the processor and no CALL opcode is sent to the proc- 
essor. The first interrupt acl<nowledge cycle is similar to 
that of MCS-80/S5 systems in that the 8259A uses it to 
Internally freeze the state of the interrupts for priority 
resolution and as a master it issues th e inte rrupt code 
on the cascade lines at the end of the INTA pulse. On 
this first cycle it does not issue any data to the proc- 
essor and leaves its data bus buffers disabled. On the 
second 'intiBrrupt acknowledge b^^e'tir MCS-86 mode 
the master (or slave if so progrstnmed) will send a^yte 
of data to the precessor wit^ittt^aekwaiKtoiged Mer* 
rupt code composed as fotl0im|!itoffl4<»^te of ithe 

6r'' T'T'i it! :'v^'jj«i 'hjcjl*.* 

or-i , , ■ li.-; .':■ -) la ; ••J.lgir- 

Hi I IX- n S- : ■ '.-->.'■ - , ' ■■ = 

' ' Content Of interrupt Vector Byte 
for MCS-86 System Mode 
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PROGRAMMING THE 8259A 

Tho 825dA ac6#ts Me iy^s of command words gener- 
ifea % theCPO: ' - - ' ■ 

1. Initialization Command Words (iC^s): Before nofmal 
'Operation can begin, eacfi 825dA in tiie system must 
'^'iilfbrduglit to a starting point — by a sequence of 2 to 
^'l llytes timed by WR pulses. Ttiis sequence Is 
'■^5|l8feHbed InFlgufe 1. 

i}^&0ration Command Words (OCWs). 



These are the 
command words which command the 8259A to oper- 
^ ate in various interrupt mddtfS.'-'Thisse modes are: 
* a. Fully nested mode '' " 

b. Rotating priority mode 

c, Speciial mask mode 
*''lr:'l%ll^ moae 



6f»yel .!.«»»j>t 



The OCWs can Ee written into tfte'fefe^ anytime after 
iMtiaiization. ,•• 



■■^Y<ii^tr r; - 

..^a< ,y..-.. 

-■.'.it Ofsq d' 

' asr* BiM ,0 
Sue e'lt f rci 



INITIALIZATION 
GENERAL 

Whenever a command is issued with AO = and D4 = 1 , 
this is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 

a. The Interrupt Mask Register ifd 

b. IR 7 input is assigned priority 7. ^^ 'f^.y,, 

c. The slave mode address is set to 7. 

d. SpeciaFtMssit Mode is cleared and Status Read is set to 
■■tR:Rf.'*"'0Oi'; ■ ■" > 

e. If IC4 = 0, then all functions selectedin lCW4areSettd' 
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80/85 
system, non SFNM )■ 



Le'- ^-'TiA; iC;- tins i.«»lOrtQl si«4> ' is.«i ■<) 



ns.it .! -. ■ ; " 

. -.vnotnl n*rt; - 'C 



■3"' ' 



04 



RD 



WR 



CS 



INPUT OPERATION (READ) 



IRR, ISR or Interrupting Level - 
IMR -^DATA BUS 



-DATA BUS (Note 1) 



OUTPUT OPERATION (WRITE) 



DATA BUS ♦OCWa 

DATA BUS -^0CW3 

DATA BUS-»-IGW1 

DATA BUS-*>0CW1, iCVV2, ICV 



DISABLE FUNCTION 



DATA BUS - 3-STATE (NO OPERATION) 
DATA BUS — 3-STATE (NO OPERATION) 



1. Selection of IRR. ISR or Interruptino Level is based on the content of 0CW3 written before the RSAD operattpn. 

2. On-chip sequencer logic queues these commands into proper sequence. 



1^1^ Bnie Optration 
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INITIALIZATION COMMAND WORDS 1 Ar|D 2 
PCWI, ICW2) 

AS-A15: Page starting addrass of sanica mitines. In an 
MCS 80/85 syst«Hti,n{^ 8 fe(tu«st^t«w«lsi wilt generate 
^i^'to 8 loiaitfiofls equally SfmBtA Memory. These 
«|ft>Mt: programmed to be spacetf^atsfttMrvals of 4 or 8 
iMHnOfy locations; tlius the 8 WuliAes will occupy a 
puga of 32 or 84 bytes, respectiii^y, . ^. „ 

The address format is 2 bytes l9ng,M{{rA4$)- When the 
routine interval Is 4, A0-A4 are autorrtatlcally inserted by 
the 8259A, while As-Ats are programmed externally. 
When the routine intervat la 8, Ao-As are-sutomatlcally 
Inserted by the 8259A, while Ae-A^g are programmed 
externally. 

T^l^^e Interval Will maintain c^aS^^E^Iity with cur- 
rent software, while the 4-byte interval is 'best for a com- 
pact jump table. 

In an MCS-86 system A^s-An are Inserted in the five 
most significant bits of the vectoring byte and the 
82S9A sets the three least significant bits according to 
the interrupt level. A<,o-As are ignored and ADi (Address 
Interval) has no effect. 



LTIM: If LTIMst, then the 82S9A will operate In the 

level Interrupt mode. Edge dirtoct logic on the 

Interrupt Inputs will be disabled. 
AOI: CALL address Interval. AOI » 1 then Interval = 4; 

ADI = then interval = 8. 
SNGL: Single. Means that this is the only 8259A in the 

system, if SNGL = 1 no iCW3 will be issued. 
IC4: if this bit is set — iCW4 has to be read. If ICW4 



is not needed, set IC4 = 0. 



INITIALIZATION COMMAND.WOR9,3<(ICW3> „ . 

This ,Wordi9, rt^rO!^^ i«(f\sni tfieift IS;/a<H»4|sg.^Qfffr 
82SSA'ln the system and cascading is;Used»'^nvWl^1^ 
case SN@Ls 0. it will load the 8-blt slave register. The 

functions of this register are: 

a. In the master nnode (either when SP= 1, or in buffered 
mode when M/S = 1 In iCW4) a "1" is set for each 
slave in the system. The master then will, release byte 
1 of the call sequence (for MCS'8^y^i^stera) a^d 
wiii enable the corresponding slave to release bytes 2 
and 3 (for MCS-86 only byte 2) through the casca0§ 
lines. 

b. In the slave mode (either when §P=0, or if BUF= 1 
and M/S = in iCW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for MCS-SS) are released by j,Qi:^t(^P{^ 
Bus. 



SFNM: If SFNMal the special fully nested nM(l**iK> 
programmed. 

If BUF = 1 the buffered mode is programmed. In 
buffered mode SP/En becomes an enable outpin 
and the master/slave determination is by M/S. 
If buffered mode Is selected: M/S= 1 means the 
8259A is programmed to be a master, M/SsO 
means the 8259A Is programmed to be a slave. If 
BUF = 0, M/S has no function. 
AEOI: If AEOI = 1 the automatic end of interrupt mode 
is programmed. 

Microprocessor mode: ^PM = sets the 8259A 
for MCS-80/85 system operation, ^PM = 1 sets 
the 8259A for MCS-86 system operation. 

^"^^ ™ 



BUF: 



M/S: 



fiPM: 



«:io-nl 1. 





AT 


in f 

M 


AS 


1 


— « 

LTIM 


AM 


SNQL 


IC4 llCWI 
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AH 
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At 


At jlCWt 






sr 
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4-*U 






SI 


so 1 




















BUF 'M' 



READY TO ACCEPT REQUESTS 
IN THE FULLY NESTED MODE 



Flgim 1. Inltlalliallon Sac|usnce 
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A, D, D, D5 O, 



D, O, D, 






*7 








LTIM 


F 


s 


IC4 



i.iciiHwa>«> 
ii«Haiea«Mni«> - 

■'^ WJjijirMmvt »■ 



O-NOTSIMaLE 



CALL ADDRESS INTERVAL 
1 - INTERVAL OF 4 
0- INTERVAL OF! 



1 - LEVEL TRIGGERED INFUT 
0- EDGE TRIGGERED INFUT 



A7 - As OF LOWER 
ROUTINE ADDRESS 
IMG&araE MODE ONLY) 



: ■ ■- ■1 ■:> 1. 



UFHR ROUTINE 



ICW3 (MASTER DEVtCEl 
D, D, D, 



MM?-; 



1 - IR INFUT HAS A SLAVE 
- in INFUT ODES NOT HAVE 
A SLAVE 



ten (SLAVE DEVICE! 
A„ 0, Di l\ D, D, 0, D, D, 



1 ID2 ID, ID{ 



ICW4 

D6 Ds 



D4 D3 D2 Dl 



1 - AUTO EOl 
0= NORMAL EOl 



- NON SUFFERED MODE 

- BUFFERED MODE/SLAVE 
BUFFERED MODE/MASTER 



1 - FULLY NESTED MODE 

= NOT FULLY NESTED MODE 



NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 
NOTE 2: X INDICATED "DON'T CARE". 



biMaliiation Command Woid Fonnat 
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OPERATION COMMAND WORDS <OCWs) 

After the Initlalizatloii Command Words (ICWs) are pro- 
grammed into the 82S9A, the chip Is ready to accept 
Interrupt requests at its input lines. However, during the 
82S9A operation, a selection of algorithms can com- 
immd tlie 82S9A to operate in various modes through 
the Operation Command Words (OCWs). 



OPERATION CONTROL WORD$ VSIIE^Kjlfr : 



D7 
I M7 



OS 



OCWI 
D5 D4 



DO 



MS MS 



M3 M2 



OPERATION OONfftOt. mOm 1 (OCWI) 

0GW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7- Mg represent the eight mask 
Jbi^^ = l,j!ld,ic|itf_§_Jlie channel is masked 
(fnMi^tQ, M=0 ihdicAtes the channel is eitabied. 



OPERATION CONTROL WORD 2 (OCW2) 

R, SEOI, EOi — These ttiree bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Openi- 

tion Command Word Format. 

L2, Li, Lq — These bits determine the interrupt level 
acted upon when the SEOI bit is active. 



R SEOI EOI L2 L1 LO 



SSMM SMM 1 P SRIS RIS 



OPERATION CONTROL WORD 3 (OCWS) 

ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMMHO the SIMM bit becomea « 

"don't care". 

SMM — Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMMsl 
and SMM = the 8259A will revert to normal mask medft 
When ESMM = 0, SMM has no effect. 

~r:rfr 



1 — r 



1 
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1 M7 M6 M5 



M3 M2 Ml 



n/r 
9rll 

lo Sit,, 
nr.' ' 

f 1 - 



in* 

-nor- p- 



IMTERRUFT MASK 
1 = MASK SET 
■ MASK RESET 



OCW2 
D5 Oj 



R SEOI £01 



1 ioiin&y 



NOIMrECIFIC EOl 

avancEot. LfrL^cooEOFitrF 

ROTATE AT EOl AUTCMATICALLV 
ROTATE AT Ea (MODE Bl. a»L2 1 
SETaOTATEAEF 
CUARROTATEA 
ROTATE ERIORiTV IMOOE Bl 
HO OK RATION 



■ LOMESTERtORITVl 



mOtiWpenLY OF EOl ILfrU COOE OF UNEI 



r..- J : 

Of ^ ■>4 



j:; «i Al'. - . 

-'eb- 



READ IN SERVICE RECSISrCR 



READ 
IR REG 
ON NEXT 
RD PULSE 



READ 
IS REG 
ON NEXT 
RO PULSE 



fOLLiNG 

A HIGH EWWLES THE NEXT RD FULSE 
T6 read the BCD CODE OF THE HIGH 
EST LEVEL REQUESTING INTERRUPT 



SPECIAL MASK MODE 



Opmtlon Command Word Format 
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Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit In the IMR masks one interrupt 
channel if it is set (1). Bit masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 

SPECIAL MASK MODE 

Some applications may require an Interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., v^hile executlnfi a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for. the routine to enable 
them 

That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in 0CW1, it 
Inhibits further Interrupts at that levol and enables inter- 
rupts from all other levels (lower as well as higher) that 
ire not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mask Mode is set by 0CW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 1, 

BUFFERED MODE 

When the 8259A Is used In a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabl- 
ing buffers. 

The buffered mode wijl_structure thti 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 
mode, whenever the 8259A's data bus outputs are ena- 
bled, the SP/€n output becomea' active. 

This modification forces ttie use of software program- 
ming to determine whether the 82S9A Is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether It is a ma^r or a slave. 



This mode is entered after initialization unless another 
mode Is programmed. The interrupt requests are 
ordered in priority form through 7 (0 highest). Wtien an 
interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOl) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit Is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). 

After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, In the rotating priority mode. 



THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system 
where cascading is used, and the priority has to t>e con- 
served within each slave. In this case the fully nested 
mode vyill be programmed to the master (using ICW4). 
This mode Is similar tottie normal nested mode with the 
Jollowlng exceptions: 

a. When an interrupt request from a certain slave Is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from 
higher priority IR's within the slavjs will be recognized 
by the master and will Initiate inlamipite to the proc- 
essor. (In the normal nested modi a slami is masked 
out when its request Is -in; aervlcs and no hisher 
requests from the same sia^te can be servlwed.) 

b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done t>y sending 
a non-specific End of interrupt (EOl) command to the 
slave and then reading its In-Service register and 
ohedking for zero. If It Is empty, a non-specific EOl 
can bo sent to the niaster too. If not, no EOl should tM 
senti I I 

J I 
I 
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POLL 

In this mode the microprocessor Internal Interrupt 
Enable flip-flop Is reset, disabling Its interrupt input. 
Service to devices Is achieved by programmer initiative 
using a Poll command. 

Tha Poll command Is issued by setting P=s "1 " in 0GW3. 
The 8259A treats the next RU pulse to the 820SA (I.e., 
RD = 0, C5=0) as an Interrupt acknowledge, sets the 
appropriate IS tJit If there is- a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during RC is: 

D7 M OS 04 D3 D2 01 00 

[l — — — „ ■■y^ ^ wi wo I 

W0-W2: Binary code of the higher priority level 
requesting service. 
I: Equal to a "1" If there Is an Interrupt. 

This mode is useful if there Is a routine command com- 
mon to several levels so that the iNTA sequence is not 
needed (saves ROM space). Another application Is to 
use the poll mode to expand the number of priority 
levels to more than 64. 

END OF INTERRUPT (EOl) 

The In Service (IS) bit can be resel either automat ically 
following the trailing edge of the last In sequence INTA 
pulse (when AEOI bit in ICW1 Is set) or by a command 
word that must be issued to the 82'59A before returning 
from a service routine (EOl command). An EOl command 
must be Issued twice, once for the master and once for 
tlie corresponding slave tf slaves iffe In use. 

There are two forms of EOl comnaaaid: %ecific and Non- 
specific. When the 8259A is operated In modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOl. When a Non-Speclfic EOl 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
nested mode the highest IS level was necessarily the 
l^-'fevet acknowledged and serv>i!%d.' 

Itjt^ver. when a mode Is used which may disturb the 
fuTfy'nested^structure, the 8259A may no longer be able 
to determine the last levet acknowledged. In this case a 
Specific End'Of Interrupt (SEOI) must be issued which 
Includes as part of the command the IS level to be reset. 
EOl Is issued whenever EOl = 1 , in OCW2, where L0-L2 is 
the binary level of the IS bit to be reset. Note that although 
the Rotate command can be issued together with an EOl 
where EOl = 1, it is not necessarily tied to it. 

It Should be noted that an IS bit that Is masked by an 
iMR'bit wjll not be cleared by a jfiqn-specific EOl If the 
B259A Is In the Special Mask Mode. 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 In ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOl operation at the trailing edge of the last 
Interrupt acknowledge pulse (third pulse In MCS-80/85, 



second in MCS-86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
Interrupt structure is not required withm a smgle 8259A. 

To aphieve automatic rotation (Rotate Mode A) within 
AEOI, there is,^ special {rotate flip-flop. It is set by 0CW2 
withlR=1, sgoi = 0, iolsO, and cleared with R=0, 
SEOi=0, EOI=50. I 

I I I tly^ 

ROTATING PRIORITY MODE A (AUTOMATIC 
ROTATION) FOR EQUAL PRIORITY DEVICES 

In some applications there are a number of Interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an Interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example. If the priority and "In service" status 

ts^-f : — [ i n r\ <— ■ 

ietore Rotate (|R4 the hiiMst priority requiring service) 

IS7 IS6 ISS IS4 IS3 IS2 ISI ISO 

"IS" Status |o|i|o|i|o|o|o|o| 

S ' LowMI Priority HIghMt Priority 

Priority St«««i» | 7 6 | 5 | 4 | 3 | 2 | 1 pO | 



Alter Rotate (IR4 was serviced, all other priorities 
rotated correspondingly 

IS7 ISS IS5 IS4 IS3 IS2 IS1 ISO 
"IS" Status I I 1 I [ I I I I I 

HIghatt Priority LowasI Priority 

— WWIty-^StMW |- -^^,Q,-|. yj^fc^,jr^ * I 

■3COM 1i*R . ! , I . : . 

The Rotate command mode A is issued in 0CW2 where: 
R = 1, EOl = 1, SEOI = 0. Internal status is updated by an 
End of interrupt ( EOl or AEOI i command. If R = 1 , EOl = 0, 
SEOI = 0, a "Rotate-A" flip-flop is set. This Is useful in 
A,E®fei:and described undsr Automatic End of Interrupt. 



ROTATING PRIORITY MODE B (ROTATION BY 
SOFTWARE) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IRS is programmed as the bottom priority device, 
then IR6 will have the highest one. 

The Rotate command Is Issued in 0CW2 where: R= 1, 
SEOI = 1; L0-L2 is the binary priority level code of the 
bottom priority device. 

Observe that in this mode internal status is updated by 
software control during OCW2. However, It Is independ- 
ent of the End of Interrupt (EOl) command (also exe* 
cuted by PCW2). Priority changes can be execute dWr 
ing lit Bft^ eoftimand or Independently. 'V • ■ .v 



8259A 




Priority Cell — Simplliied Logic Diagram 



LEVEL TRIQGEREO MODE 

This mode is programmed using bit 3 in ICW1. 
If LTIM ='1'. an interrupt request will b8 recognized by a 
'high' level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed 
before the EOl command is issued or Ihe CPU interrupt 
is enabled to prevent a second interrupt from occurring. 

The above figure shows a concep ual circuit to give the 
reader an understanding of the level sensitive and edge 
sensitive input circuitry of the 8259A. Be sure to note 
that the request latch is a transparent D type latch. 

READING THE 82S9A STATUS 

The input status of several Internal registers can be read 
to update the user information on the system. The 
following registers can be read by issuing a suitable 
0CW3 and reading with RO. 

mtmupt mglitgr: M>it ngiiaUlt whMM conter)t 
specifies the InMmqst request line»lHllnB unasked, 
acknowledged. ?he htfiMst request Mftfril reset from 
the IRR when an interrupt is ackneMidged. (Not 
affected by IMR.) 



■ ; . ■ ' ■ . ^ ■ • ■ .h 

li^Strvldft Register ^iS/V:. 8-bit reg^stiw! wfhich contains 
the pcieiffx Immljs that are b«i|«i0rseridcad. The ISR Is 
updated when an End of interrupt command is issueid^ 

Interrupt Mask Register: 8-bit register which contains 
the interrupt request lines which are masl^ed. 

The IRR can be read when, prior to the RD pulse, a 
pulse Is issued with 0CW3 (ERliS = 1 , RIS - 0.) 

J!^(> 1^, c^n be read in a similar mode when Eil$f^ 
RtSa l In itheOCWa. ,- .^n. 

There is no need to write an OCW3 t>efore every statuf 
nrad operation, as long as the status read corresponds 
wi^^i^iL previous one; i.e., the B2S9A "rememt)ers" 
wmmiw fh'e IRR or ISR has been previously selected by 

the 0CW3. This is not true when poll is used. ' 

After initialization the 8259A is set to IRR. 

For reading the IMR, no OCW3 is needed. The output 
data bus will contain the IMR whenever r5 is active and 

m^t*" ' : 

Petiing; owai9(t«t»StMlWtPI'0M£^iiifhen 1, ERISs iMtii 
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T • 8272 MiM»<**»0 }tbOJ8 •> 

SINGLE/DOUBLE DENSITY 
FL0#PY DISK CONTROLLER 



IBM Compatible In Both Single and 
Double Density Recording Formats 

PVogramnpaii^ jiata Fbeoirii Lengths: 

Multi-Sector and Multi-Trade Transfer 
Capability 

Drive Up to 4 Floppy Disks 

Data Scan Capability -<- WiH Scan a 
Single Sector or an Entire Cylinder's 
Worth of Data Fields, Comparing on a 
Byte by Byte Basis, Data in the 
^ocessor's Memory with Data Read 
from the Disleette 



■ Data Transfers In ^M^f or Non-DI^ 
Mode 

■ Parallel Seek Operations on Up to 
i -Four Drives - — i — 



■ Compatible with Most 
Microprocessors Includir 
8085A, 8086 and 8088 

■ Single-Phase 8 MHz Clock ' 

■ Single -i-5 Volt Power Supply 

■ Available in 40-Pin Plastic Dual-in-Line 
Package 



The 8272 is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control functions for interfacing 
a processor to 4 Floppy Disk Drives. It is capable of supporting either IBM 3740 single density format (FM), or IBM 
System 34 Double Density format (MFM) including double sided recording. The 8272 provides control signals which 
simplify the design of an external phase locked loop, and write precompensation circuitty. The FDC simplifies and 
handles most of the burdens associated with implementing a Floppy Disk Drive Interface. 



8272 INTEiiilAU BLOCK plAl^F^ ^ 



PIN CONFIQURATiON 




1 3 

25 □ 

□ 

2 □ 
21 □ 



Vcc 

BWISEEK 

LCTrOIR 

FRISTP 

HDL 

RDY 

WP/TS 

FLT/TRKO 

PSo 

PS, 

WR DATA 

DSo 

DSi 

HDSEL 

MFM 

WE 

Vcc 

RD DATA 
DW 

WR CLK 



DATA BUS 
BUFFER 



TERMINAL 
COUNT 



DRQ • 
BSSH ■ 
INT 
SB ■ 
WR ■ 



READ 
WRITE 
DMA 
►01 CONTROL 
LOGIC 



cu . 
Vcc ■ 

GND ' 



SERIAL 
INTERFACE 
CONTROLLER 



- WR CLOCK 

► WR DATA 

>- WR ENABLE 
•■ PRE'SHIFT 
►j.eRB«HIFT 1 

- READ DATA 

- DATA WINDOW 

► Vcc SYNC 



DRIVE 
INTERFACE 
CONTROLLER 



INPUT 
PORT 







OUTPUT 
PORT 



v■^i;,■-^;^; 



- READY 

- WRITE PROTECT/TWO SIDE 
-INDEX 

- FAULT/TRACK 



- DRIVE SELECT 

- DRIVE SELECT 1 

- MFM MODE 

- RW/SEEK 
-HEAD LOAD 

- HEAD SELECT 

- LOW CURRENT/DIRECTION 
FAULT RESET/STEP 



Intel Corporation Aiaumu No Rosponsibilty for the Use of Any Circuitry Other Than Circuitry Efflbodied In an Intel Product. No Other Circuit Patent Lleenaee are^lM. 
©INTEL CORPORATKM. 1980 9.5^ 



IE 





DRO 




9237 ' 
DMA ' 
CONTROLLER 




8272 




FOC 




TC . 
TERMINAL 





DATA 
WINDOW 



INPUT CONTROL 



OUTPUT CONTRQL 



DRIVE 
INTERFACE 



DESCRIPTION 

Hand-shaking signals are provided In the 8272 which 
make DMA QB^^tion easy to in@o^g^|ejy)th the aid of 
an ^ternsl DMA'Controiler chi9i,8u@b^,<^s{}|^e B237. The 
FOC wtU.Ppei«^ In either 0MA^4l!|jpfD^A mode. In 
tbi^l9i-P(flAimP«lei the FOG gffifr^t^^ijDriierrupts to the 
proo^or 'for every transfer of %^$#JtP,^etween the 
CPU and the 8272. In the DMA mode, the processor need 
only load a command Into the FDC and all data transfers 
occur under control of the 8272 and DMA'controller. 

There are 15 separate commands which the 8272 will 
execute. Each of these commands require multiple 8-blt 
l^^es to fully specify the operation which the processor 
wMles the FDC to perform. The following commands 
an available. 



Read Data 

Read ID 

Read Deleted Data 
Read a Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Specify 



FEATURES 



Write Data 
Format a Track 
Write Diileted Data 
Seek 

Recalibrate (Restore to 

Track 0) 
Sense Interrupt Status 
Sense Drive Status 



Address mark detection circuitry is Internal to the FDC 
which simplifies the phase locked loop and read elec- 
tronics. The track stepping rate, head load time, and 
head unload time may be programmed by the user. The 
8272 offers many additional features such as multiple 
sector transfers in botti read and write modes with a 
single command, and full IBM compatibility in both 
single (FM) and double density (MFM) modes. 



The 8272 contains two registers which may be accessed 
by the main system processor; a Status Register and a 
Data Register. The 8-bit Main Status Register contains 
the status Information of the FDC, and may be accessed 
at any time. The 8-bit Data Register (actually consists of 
several registers in a stack with only one register pre- 
sented to the data bus at a time), stores data, corrt^ 
mands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register 
in order to program or obtain the results after execution 
of a command. The Status Register may only be read 
and Is used to facilitate the transfer of data between the 
pr(liaMi9fii^*mgtT4f1UM 'inr ..ttr 

The retitloa^lal^ between the Status/Data registers and 
the signiils RB', WR, and Aq is shown below. 



Ao 


RD 


WR 


FUNCTION 








1 


Read Main Status 

Register' ' 
>>ffif 




. -c- 


1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 





Write into Data Register 



'?b 



The bits in the 'l9.ii^^l^^1^^er are'dell^lS' 
follows: 



BIT NUMBER 


NAME 


SYMBOL 


deiC3l#noN 


DBo 


FOO Busy 


DqB 


FDD numberO is in the Seek 

fTTOde. 


DB^ 


FDD 1 Busy 


D^B 


FDD number 1 is in the Seek 
mode. 


DB2 


FDD 2 Busy 


D^B 


FDD number 2 is in the Seek 
mode. 


DB3 


FDD 3 Busy 


D3B 


FDD number 3 is in the Seek 
moide. 


DB4 


FDC Busy 


CB 


A read or write command is 
in process. 


DB5 




NDM 


The FDC is in the non-DMA 
mode. This bit is set orffy 
during the execution ptiase 
in non-DMA mode. Tran- 
sition to "0" state indicates 
execution phase has ended. 


DBe 

_i 


Data Input/Output 


DIO 


indicates direction of data 
transfer between FDC and 
Data Register. If D10="1" 
then transfer is from Data 
Register to the Pnscessor. 
if DIOs "0", then transfer 
Is from the Processor to 
Data Register. 


OB7 


Request for 
Mas^ 


ROM 


Indicates Data Register is 
ready lo send or receive 
data to or from the Proc- 
essor. Both bits OK3 and 
ROM Should be used to 
perform the harKWwl^ 
functtons <>f ^'readiT aihd 
"direction" hitlw 
processw. 
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Pm DESCRIPTION 



PIN 


I/O 


CONNECTION 
TO 


DESCRIPTION 


NO. 


SYMBOL 


1 


RST 


1 




ResaK PfaeaS FDC In idle 
stBt& ^^^tSyOutput lines to 
FDD\o'''d"(iow} 


2 


m 


1' 




Read: Control signal tor 
transfer of data from FDC to 
Date Bus, when "0" (low) 


3 


WB 


P 


fP 


WritB: Control signal (or 

tran jter of data lo FOG via Data 

Bus when "0" (low) 


4 




I 




Chip. Select iC selected 
wh€M'"d" (l0fv), allowing 
^ idiB^iV9B te be enabled 


5 


*0 


,1 




OatafStatus Reg Select 

Selects Data Reg (Aq= l) or 

Status Reg (Aq = 0} 

c 11 1 e n t 

be sent to Data Bus 


6-13 


DB0-0B7 






6-Bli Data Bus 


14 


DRQ 






Datti DMA ReQuest! DMA 
RequMt tfi'telng made by 
FDC Wti|»n'j^ "1" 


15 


DACK 


1 


DMA 


DMA Acknowledge. DMA 
cycle is active when "O" 
(low) and Controller is 
performing- D^ A translar 


16 


TC 


1 


DMA 


Terminal Cdunt; Indicates 
the termination of a DMA 
transfer when 1 Ihigrij 


17 


lOX 


1 


FDD 


Index: Indicates the beginning 
of a disk track 


18 


INT 







Interrupt: Interrupt Request 
Generated by FDC 


19 


CLK 


1 




Clock: Singia Phase 8 MHz 
S^uarewava Clock 


20 


QND 






0n)|nid: P-C Power Return 



.MqtB 1:. Disabled whan CS=1. 

wi; • 



yC" 0.1 *• 

3' , ' 



-ill' 



Sir- 'jT 
or I. ary 



PIN 


I/O 


CONNECTION 
TO 


DESCRIPTION 


NO. 


SYMBOL 


40 


^CC 






D.C. POWEfl tSV 


39 


RW/SEEK 







neao vvnie'occrN. wnen 1 
(high) Seek mode selected and 
when "'O" (low) Read/Write 
mode selected 


38 


LOT/DIR 





FDD 


Low Current/Direction: Lowers 
Write current on Inner tracks 
in ReadA/Vrite mode, deter- 
mines direction head will step 
in Seek mode 


37 


FR/STP 





FDD 


Fault Reset/Step: Resets fault 
FF in FDD in Read/Write 
mode, provides step pulses to 
move head to another cylinder 
in Seek mode 


36 


HDL 





FDD 


Head Load: Command which 
causes, readAivrtte head in FDD 
to cdntoet dWtMts 


36 


ROY 


1 


FDD 


Ready: Indicates FDD is ready 
to send or receive data 


34 


WP/TS 


1 


FDD 


Write ProtectH'wo-Slde: 
Senses Write Protect stilus lii 
Read/Write mode, and Two 
Side Media In Seek mode 


33 


FLT/TRKO 


1 


FDD 


Faultrr rack 0: Senses FDD 
fault condition in Read/Write 
mode and Track condition 
in Seek mode. 


31.32 


PS,,PSo 





FDD 


Precompensation (pre-shitt): 
Write precompensation status 
during MFM mode. Deter- 
mines early, late, and normal 
times. 


30 


WR DATA 





FDD 


Write Data: Serial clock and 
data bits to FDD 


28,29 


DSi.DSq 





FDD 


Drive Select: Selects FDD unit 









FDD 


Head Select Head 1 selected 
when "1" (high) Head 
selected when "0" (low) 









PLL 


MFM Mode: MFM mode when 

■■1". FM mode when "0" 


25 


WE 





FDD 


Write Enable: Enables write 
data into FDD 


24 


VCO 





PLL 


VCO Sync: Inhibits VCO in 
PLL when "0" (low), envies 
VCO when "I" 


23 


RD DATA 


1 


FDD 


Read Oats: Read data from 
FDD, containing clock and 
data bits 


22 


DW 


1 


PLL 


Data Window: Generated by 
PLL, and used to sample data 
from FDD 


21 


WR CLK 


1 




Write Clock: Write data rate to 
FDD FM = 500 kHz. MFM = 1 
MHz, with a pulse width of 
250 ns for both FM and MFM 



inoi; err. 



tt&e/'- 
Bfi:. 

,sr,-.- J 



-.11, ...- l' 
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TheDIO and ROM bits In the Status Register indicate 
when Data Is ready and in whibh direction data will be 
transferred on the Data Bus. 



OUT OF FOc wmiNTOPMCessow 



IDtOI 






1 










REQUEST 

^, 1 ("WW 


.0, 1 11 

KtAPVl 1 1 

1 1 1 








i 










1 ' 1 


no 


1 




L 


1 


1 ' 


.1 . |.| . 




D 


C 


• i-l • 1 



NOTES E - D»T» REGISTEB Be«DT TO BE WBITTEN INTO BT FROCESSOB 
1 E - DAT* BEOiBTEB NOT BEADT TO BE WRITTEN INTO BT PBOCESSOB 

_ DAT* REQI3TEB REAOT FOR NE«T DATA BTTE TO BE READ BT THE 
PROCESSOR 

(B] — DATA REGISTEB NOT BEADV FOR NEXT DATA BTTE TO BE READ Bi 
PmCESSOft 

STATUS REGISTER TIMING 

Tlie 8272 is capable of executing 15 different com- 
mands. Each command is initiated by a multi-byte 
transfer from the processor, and ttie result after execu- 
tion of tfie command may also be a multi-byte transfer 
back to the processor. Because of this multi-byte inter- 
change of information between the 8272 and the proc- 
essor, it is convenient to consider each command as 
consisting of three phases: 

pOfnmand Phase: The FDC receives all information 
required to perform a particular 
' operation froO) the processor. 

Execution Phase: The FDC performs the operation it 
was instructed to do. 

.'Result Phase: After complettdh qf the operation, 
status and othw hiiusekeeping in- 
formation are ntade available to 
the processor.! 

During Command or Result Phases the Main Status 
Register (described earlier) must be read by the proc- 
essor before each byte of information if written into or 
read from the> Data Register. Bits D6 find 07 in the Main 
Status Register must be in a and 1 stdte, respectively, 
before each byte of the command wcpjimay be written 
into the iS2.7Z. Many of the commands require multiple 
bytes, and as a result the Main Status Register must be 
reati pvior to eacfr t^te transfer to the 8272. On the other 
haMl,"dUring the'Re$lilt Phase, D6 and D7 In the Main 
Status Register rhu^t both be Vs (Dfisl and D7:=1) 
before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each 
byte transfer to the 8272 is required in only the Com- 
mand and Result Phases, and NOT during the Execution 
Phase. 

During the Execution Phase, the Main Stetus Register 
need not be read. If the 8272 Is in the Non-DMA Mode, 
then the receipt of each data byte (If 8272 Is reading data 
from FDD) is indicated by an Interrupt signaU>n pin 18 
(INT=1). The generation of a Read signal (RD = 0) will 
reset the Interrupt as well as output the Data onto the 
Data Bus. For example, If the processor cannot handle 
Interrupts fast enough (every 13>is for MFM mode) then 
It may poll the Main Status Register and then bit D7 
(RdM) functions Just like the Interrupt signal. If a Write 
Command is in process then the WR signal performs 



the reset to the interftipt sigi^* , ^ - ^- . 
If the 8272 is In the DMA Mode, no Interrupts are gener- 
ated during the Execution Phase. The 8272 generates 
DRQ's (DMA Requests) when each byte of data Is 
available. T he DMA Controller responds to this request 
with both a DACK = (DMA Acknoyvledgs) and a RD = 
(Rea d sign al). When the DMA AckpfowMge signal goes 
low (DACK = 0) then the DMA Request is iea^(DB<Q^L 
If a Wriie Oomroairtdihas bean proflrammed mart a«W 
; signal will appear instead of RD. i Aflen the Ejection 
iPlmSB has been completed (tei^inM ©ouDt i^ek 
obcarred) then an Interrupt will occur (INT=1). This 
signifies the beginning of the Result Phase. When the 
first byte of datals read during the Result Phase,'the ir*- 
terrupt is automatically reset (INT=0). ! 

It is Important to note that during the Result Phase all 
bytes shown in the Command Table must be read. The 
Read Data Command, for example, has seven bytes of 
data in the Result Phase. All seven bytes must be read in 
order to successfully complete the Read Data Com^ 
mand. The 8272 will not accept a new command until all 
seven byt^ have been read. Other commands may re- 
quire fewer bytes to be read during the Result Phase. 

The 8272 contains five Status Registers. The Main 
Status Register mentioned above may be read by the 
processor at any time. The other four Status Registers 
(STO, ST1, ST2, and ST3) are only available during the 
Result Phase, and may be read only after successfully 
completing a command. The particular command which 
has been executed determines ho«)r many of tlwfMW 
Registers will be read. 

The bytes of data which are sent to the 8272 to form the 
Command Phase, and are read out of the 8272 In the 
Result Phase, must occur in the order shown In the 
Command Table. That is, the Command Code must be 
sent first and the other bytes sent in the prescribed se- 
quence. No foreshortening of the Command or Result 
Phases are allowed. After the last byte of data in the 
Command Phase is sent to the 8272 the Execution 
Phase automatically starts. In a similar fashion, when 
the last byte of data Is read out in the Result Phase, the 
command is automatically ended and the 8272 is ready 
for a new command. A command may be aborted by 
simply sending a Terminal Count slgrial to pin 16 
(TC= 1). This is a convenient means of ensuring that the 
processor may always get the 8272's attention even if 
the disk system hangs up In an abnormal manner. 

POLLING FEATURE OF THE 8272 

After the Specify command has been sent to the 8272, 
the Drive Select Lines DSO and DS1 will automatically 
go Into a polling mode. In between commands (and be- 
tween step pulses in the SEEK command) the 8272 polls 
ail four FDDs looking for a change in the Ready I ine from 
any of the drives. If the Ready line changes state (usual- 
ly due to a door opening or closing) then the 8S72 will 
generate an interrupt. When Status Register ($10) is 
read (after Sense I nterrtipt status Is Issued), Not Ready 
(NFQ will be indicated. The Idling of the Ready line by 
the 8272 eocure eofittniiously between lnstructioi», 
thus noiifyihg the prOiSBSSOr which drives are on or off 
Hne. 
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TABLE 1. 8272 COMMAND SET 







DATA BUS 










DATA BUS 




PHASE 


nw 


0, 0, 


■>> 


D4 D3 tit 




REMARKS 




PHASE 


m. 


iKKlF^ H "a "1 


■>0 


REMAPS 


READ DATA 




REApAT^CK 


Command 


w 
w 


MT MFM 




SK 



11 
HDSDS1 

C 



DSO 


Command Codes 
Sector ID information 




Command 


w 
w 
w 


MFM SK 1 
H0SDS1 

C 



DSO 


Cofnmand Codas 
Sector ID Information 






H 


prior to Command 
ntecution 






uu 


H 


priof to Cominand 




w 


n 






W 


B 


execution 




w 


N 






W 


N 






w 


Fnr 








W 


FOT 


■/ 




w 


OPI 








w 


QPI 






w 


nri 


\ 






w 


DTI 




Execution 

Result 


R 


STn 


Data transfer 
between the FDD 

and main-system 

Status information 




E X ec u t i n 








Data transfer 
between the FDD 
and main-system. 
FDC reads all of 


R 


ST1 


alter Command 












cylinders contents 




R 


ST J 


execution 








— - tC 




from Index hole to 




R 


r. 








_ 1 




EOT 




R 


H 


Sector ID mformalion 
















R 


R 


irfler command 
ttracution 




Result 


R 


STn ■ - 




Statue Information 




R 


N 






R 


RT» - 


after Command 












R 


ST» ' 


execution 


READ DELETED DATA 






R 


r. ■■ 


Command 


W 


lt<T MFIUI 


SK 


110 





Command Codes 






R 


H - 


Sector ID Inlormation 






R 
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after Command 
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R 


N 


execution 
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r. 




Sector ID information 
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H 


prior to Command 














w 


H 


execution 
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W 
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w 
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Execution 
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The first correct ID 


Execution 












Data transfer 
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and main-system 
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Cylinder Is stored In 
Data Register 
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R 






STO 




Status information 




Result 


R 
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Status inlormation 


R 


ST1 


alter Command 






R 


ST 1 


alter Command 




R 
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execution 






R 
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execution 




R 


f- 






R 


C. 






R 


H 


Sector ID Information 
after Conimand 
execution 






R 


H 
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R 


H 






R 


R 


during Execution 




n 
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H 


N 
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WRITE DATA 




FORMAT A TRACK 
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w 


MT MFM 





10 
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Cwnmand Codes 




Command 


W 


MFM 110 
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Commit Codes 
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HQS DS1 
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DSO 
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W 
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Bytes/Sector 




w 


H 


prior to Command 
execution 






W 


SC 
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w 
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W 


RPl 
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w 


N 






W 


n 


Filter Byte 




w 


FflT 
















w 


RPl 






Execution 








FDC lormats an 




w 


nTl 














entire cylinder 


Execution 












Data transfer 




Result 


R 


STO 




Status information 














between the main- 






R 


ST1 


after Command 














systeiTi and FDD 






R 


ST 3 


execution 


Result 


R 






ST n 




Status information 
after Command 
mecution 






R 


C. 




R 


ST1 






H 


H 


In this case, the ID 




R 








R 


R 


information has no 




R 


r: 






R 


N 


meaning 




R 






H 




Sector ID information 








SCAN EQUAL 














R 




after Command 














" 






N 




execution 




Command 


W 


MT MFM SK 1 


1 


Command Codes 






; _ 






















WRITE DELETED DATA 






w 


HDS DS1 


DSO 


Sector ID Informatlwi 


Command 


W 


MT MFM 








Command Codes 






w 


r. 







10 


1 






w 


H 


prior to CommaiKl 
execution 




W 








HDS DS1 


DSO 








w 


R 




w 






e 




S«tOr ID information 
prior to Command 
Kcecutron 






w 


N 




w 


H 






w 


FriT 






w 


B 






w 


RPl 






w 


N 






w 


STP 






w 


FOT 


















w 


RPl 






Execution 








Data compared 




w 


nTl 














between the FDD 


Execution 










Data transler 












and main-system 














between the FDD 




Result 


R 


STO 




Statue Infomiation 














and main-system 




R 


STl 


after Command 


Result 


R 






STn, 




Status information 
after Command 
mecution 






R 


ST J 


execution 


R 
R 


STl 






R 


r. 






ST? 






R 


H 


Sector ID information 




R 


fS 






R 


B 


alter Command 




R 


H 


Sector ID information 
after Command 






R 


N 


execution 




R 


H 
















R 


N 


execution 

































Note: 1. Symtwts used in this table are described at the er>d of thfs section. 

2. Aqs 1 for all operations. 

3. X= Don't care, usually made to equal binary 0. 
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Dj Dg Dg D4 D3 Dg 



PHASE R/W 



D7' n 65'' a? W Bj D, D„ 



SCAN LOW OR EQUAl. 



MT MFM SK 1 1 1 

HDS DSl DSO 

c 



_ R _ 
_ N_ 
. EOT . 
. GPL . 
. STP . 



. STO . 
. STl . 
. ST2 . 
_ C _ 
_ H _ 
_ H _ 
_ N _ 



Comtnand Codes 

Sector ID jnfonnation 
prior Command 
execution 



Data compared 
between the FDD 
and main-system 

Status intormation 
after Command 
execution 

Sector iD information 
after Command 
execution 



SCAN HIGH OR EQUAL 



ll«T MPtll SK 




HDS DSl DSO 



EOT . 
GPL . 
. STP . 



STO . 

, ST1 . 
ST2 . 

_ C _ 



Command Codes 

Sector iD information 
prior Command 
execution 



Data compared 
between ttte FDD 
and main-system 

Status information 
after Command 
execution 

Sector iD information 
after Command 
execution 



1 1 1 
000000 DSl DSO 



Command Codes 



Head retracted to 
Tracit 



SENSE iNTERRUPT STATUS 



Command 
Result 



. STO . 
. PCN . 



Command Codes 
Status information at 
tt^e end of eactt seek 
operation about the 
FOC 




SPT_ 



Commajid Codes 



SENSE DRME STATUS 



p , -a . p 1 
f Q HDS DSl DSO 

ST3' 



Command Codes 



Status infomtation 
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SEEK 



1.1 1 1 
S 6 0) HDS DSl DSO 

NGN J 



Goinni«M>eeda* 



Head is positioned 
over prapwi^lMiMf- 



invaiid Command 
Codes (NoOp—FDC 
goes into Standby 
State) 
STO:>ao 



ivr 'I'l "!-r.-, 'i ' 
<V Don 'evi 



intel 



8272 



TABLE 2. COMMAND MNEMONICS 



SYMBOL 


NAME 


DESCRIPTION 


*0 


Addross Li HA 

■ . ■* . ■ . -■ 


Register (Ag = 0) or Data^HeQtster (Aq = 1) 




Cylindsf MuynbuV 


C stands for the current selected Cylind^^ 
track number through 76 of the medium 





Data 


D stands for the data pattern which is 
going to be written into a Sector 


D7-D0 


Data Bua^ 


8-bll Data Bus vOmm P7 Is the most 
slgniflcent bit, and Dgw the leesi signif 1 
cant bit. 


DS0,IJS1 


Drive Selact 


DS stands for a selecMd drive number 


□TL 


Data Length 


When N is defined as 00, DTL stands for 
the data length which users hts QoinQ lo 
read out or write into the Sector. 


EQT 




EOT stands' for Uie fifi^ii' Sector numbef of 
a Cylinder. 




Gap LenQth 


GPL stands for the lenpth of Gap 3 
(spacing betweari Sbbttifs excluding VCO 
Sync Field). 




nvttu May f 000 


H stands for head number or 1, s$ 
specified In ID field. 




M63d Ssisct 


HQS stands for a selected hsad numb8f 
Of 1 (H = HQS iri all command words) 


HLT 


Head Load Time 


HLT stands for the head load time In the 
FDD (2 to 254 rcis In 2ms increments). 


HUT 


Head Unload Time 


HUT Stands for the head unload time after 
a read or write operation has occurred (16 
to 240 ma In 16ms Incraments). 


MFM 


FM or MFM Mode 


If MF Is low, FM mode Is selected and it 
it is high, MFM mode is selected. 


Mt 


Multi-TiBok 


If MT is high, a multi-track operatior^ Is to 
be performed (a cylinder under both HDO 
and HOI will be<mad or written). 


N 


Numt>er 


N stands for the num^ of data bytes 
written in a Sector. 



COMMANP.p.ESCRIPTIpNS 

During vthereomiifiindlPfcnse, the Main Status Register 
must be polled by tHei<:PU 'before each byte is written 
intotthe: Data Raglsteh T})e DIG (DBS) and ROM (DB7) 
ttitadsattwktain Bttrtus Register niu«Kte4n the "0" and 
"liiSrmam rasiidotively, before eai^%t#t>f the com- 
mand may be«ttttenlnto:the 8272: •maii^fnnmg of the 
execution phm tttt any of these bonlnrMaicte will cause 
QiaaDdiflOMio^witoh to "1" and "0" states respective- 
ly. 

READ DATA - J' ^"'^'^ 

A set of nine (9) bytj», words are required to place the 
FDC into the Read Data Mode. After the Read Data com- 
mand hatilpe^: jf^uoci the FDC loads.the head (if it Is In 
the unload^ Jtt^)„ Malts the speGified,head settling 
tima,(d?*|^r;lB:,the,epeo|fy Qosi^iii^efpl^.and begins 
reading ID. !A(l^i»tt6 Marks and ID fi^ds. firhen the cur- 
rent sector number ("R") stored in the ID Register (IDR) 

TABLE 3. TRANSFER CAPACITY 



SYMBOL 


NAME 


DESCRIPTION 


NCN 


New Cylinder Number 


NCN Stands for a new Cylinder number, 
which is going to be reached as a result 
of the Seek operation. Desired position of 


NO 


Non-DMA Mode 


NO 8tantfi.lorjOit9ntt^.J^ltie Non-DMA 
Mode. ' ° ' 


PCN 


Present Cylinder 
Numbw 


PCN stands for the Cylinder number at 
the completion of SENSE INTERRUPT 
STATUS Command. Position of Head at 
present lime. 


R 


Record 


R stands for the Sector numtier, which 
wlli !» read or'WrtlnD.j^ . ^ 


R/W 


Read/WriM - 


R/W stands fOf^eWialM^IHB) or Write , ' 


SC 


Sector 




SK 


Skip 


SK stands lor Skip Deleted Data Address 
Mark. 


SRT 


Step Rate Time 


SRT stands for the Stepping Rale for the 
FDD (1 to 16 ms In 1 ms increments). 
Stepping Rate applies to all drives 
(F,^ 1 ms, E=2ms, etc.)- 


STO 
ST 1 
ST 2 
ST 3 


Status 
Status 1 
Status 2 
Status 3 


ST 0-3 stand for one of four registers 
which store the status information after 
a command has been executed. This 
Information is available during the result^. > 
phase after command execution These 
registers should not be confused with the 
main status register (selected by Aq = 0). 
ST 0-3 may be read only after a command 
has been executed and contain Information 
relevant to that particular command. 


STP 




During a Scan operation, tf STP= 1, the 
data in contiguous sectors Is compared 
byte by byte with data sent from the 
processor (or DMA), and if STP= 2, then 
alternate sectors are read and compared. 



compares with the sector number read off the disl<etfe, 
then the FDC outputs data (from the data field) byte-by- 
byte to the main systern.via.lhe data bus. 

Alter completion of the read operation from the current 
^tor, the Sector Number is Incremented by one, and 
the data from the next sector Is read and output on the 
data bus. This continuous read function Is called a 
"Multi-Sector Read Operation." The Read Data Com- 
mand may be terminated by the receipt of a Terminal 
Count signal. Upon receipt of this signal, the FDC stops 
outputting data to the processor, but will continue to 
read data from the current sector, check ORG (Cyclic 
Redundancy Count) bytes, and then at the end of the 
sector terminate the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multl-tract<), 
MFM,(MFM/FM), and N (Number of Bytes/Sector). Table 

3.t)plfS»f;Shgwstths,Tii!l»s|fr:,©s^ t.aie'fjC 



Multi'Tracil 
MT 


MFMfFM 
MFM 


Bytas/Sector 
f4 


Maximum Transfer Capacity 
(Bytes/Seetoi)(Numberoi'Seetors} 


Final Sector Read 
from Dislrette 







1 


00 
01 


(128) (28)= 3.328 
(286) (28)=: 8,856 


26 at Side 
or 28 at Side 1 


1 

1 • - 


r ^-s ij 


00 
01 


6,858 

<2Wj(S2)> 13,312 


26 at Side 1 









1 


01 

02 


(256) (15)= 3.840 
(512) (15)= 7,680 


15 at Side 
or 15 at Side 1 


1 
1 




1 


01 
02 


(256) (30)= 7,680 
(512) (30)= 16,360 


15 at Side 1 








1 


02 

03 


(512) (8) = 4,096 
(1024),(S) = 8,192 


8 at Side 
or 8 at Side 1 


1 
1 




1 


02 
03 


(S12)n6)= 8,192 
(11124) (189:= 18,384 


8 at Side 1 
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The "multi-track" function (MT) allows the FDC to read 
data from toth sides of ttie diskette. For a particular 
cylinder, data will be transferred starting at Sector 0, 
Side and completing at Sector L, Side 1 (Sector L =: last 
sector on the side). Note, this function pertains to only 
one cylinder (the same track) onf e^dff side of the 
dlsl^^jie. , 

When N = 0, then DTt desfines the di^a length which the 
FDC must treat as a sector. If DTLts'smsriter than the ac- 
tual data lengthin aSector, this data beyiMtd DTL in the 
Sector, is not «ent to the Data Bus. The^C reads (inter- 
.naU¥)Jhe complete Sedtor perfomibigJhe CRC check, 
ahif'^iUjaendiniJ' upon the manner of command termina- 
tion,. may perform a Multi-Sector Read Operation. When 
N is non-zero, then DTL has no meaning and should be 
set to OFFH. 

At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified In the Specify Command) has elapsed. It the 
processor Issues another command before the head 
unloads then the head settling time may be saved be- 
tween subsequent reads. This time out is particularly 
valuable when a diskette is copied from one drive to 
another. 

If the FDC detects the Index Hole twice without finding 
the right sector, (indicated in "R"), then the FDC sets 
theMQ (No Data) flag in Status R^tster-1 to a 1 (high), 
and terminates the Read Data Command. (Status 
Register also has bits 7 and 6 set to ^nd 1 respective- 
ly.) 

After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If a read error Is detected 
(incorrect CRC in ID field), the FDC sets the DE (Data Er- 
ror) flag In Status Register 1 to a 1 (high), and If a CRC er- 
ror occurs in the Data Field the FDC also sets the DD 
(Data Error in Data Field) flag in Status Register 2 to a 1 
(high), and terminates the Read Data Command. (Status 
Register also has bits 7 and 6 set to and 1 respec- 
tively.) f 

If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FDC sets the CM (Con- 
fl^f'Mark) flag in Status Register 2 to a 1 (high), and ter- 
minates the Read Data Commahd, after-reading all the 
data in the Sector. If SK= 1, the F^IS s'Mps the sector 
with the Deleted Data Address IVIai-kahd'rdads the next 
seiBtor. 

During disk data transfers betweeri t^trDC and the 
processor, via the data bus, the FDC must be serviced 
by the processor every 27 pis In the FM Mode, and every 
13 ^<s in the MFM Mode, or the FDC sets the OR (Over 
Run) flag In Status Register 1 to a 1 (high), and ter- 
minates the Read Data Command. 

If the processor terminates a read (or write) operation in 
the FDC, then the ID Information In the Result Phase Is 
dependent upon the state of the MT bit and EOT byte. 
Table 4 shows the values for C, H, R, and N, when the 
processor terminates the Command. 



TABLE*. 10 INFORMATION WHEN I 
COMMAND 




MT 


EOT 


Final S«ctorTranif*rr«d to 


ID information at Reauit Phaea 


Procuior 


C 


H 


R 


N 




1A 

OF 
08 


Sector 1 to 25 at Side 
Sector t to 14 at Side 
Sector 1 to 7 at side 


NO 


NC 


B+1 


NC 





1A 

OF 
08 


Sector 26 at Side 

Sector 15 at Side 
Sector 8 at Side 


C+ 1 


NC 


R = 01 


NC 


1A 

OF 
08 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


NC 


NC 


R+ 1 


NC 




1A 
OF 
08 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 


C+ 1 


NC 


R = 01 


NC 




1A 

OF 
08 


Sector 1 to 25 at Side 
Sector 1 to 14 at Side 

Sector 1 to 7 at Side 


NC 


NC 


R+1 


NC 




lA 
OF 
08 


Sector 26 at Side 
Sector 15 at Side 
Sector 8 at Side 


NC 


LSB 


R = 01 


NC 


1 


1A 
OF 
08 


Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 


NC 


NC 


R+ 1 


NC 




lA 
OF 
08 


Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 


C+ 1 


LSB 


R = 01 


NC 



'Notes: 1. NC (N o Change): The same value ^ Mw> drte M that W(g|wil^ W <amiB j ffld 

-.execution. ' I 



i 2. LSB (Uest Si^lcant Bit): The least significant btt of H is' 

I n< I'.'PQinplfpmntied' ^ 

Wilfli#fA 

A set of nine (9) bytes are required to set the FDC into 
tbfrWrlte Data (hode. After the Write Data command has 
been issued the FDC loads the head (if it is In the 
unloaded state), waits the specified head settling time 
(defined tn the Specify Command), and begins reading 
lO Flelds: When the current -sector number ("R"), storeld 
in the.lD iRegistef^ (IDR) >cOmpareai with the secton 
number read off the dlsfcettet then tbe takeaidMa' 
fam)jth»f)rooffiscijiqfglMb^^S>yte via -the^tiUtf.taWpAjd' 
outputs it to the FDD. 

After writing data Into the current sector, the Sector 
Number stored in "R" Is Incremented by one, and the 
next data field is written into. The FDC continues this 
"Multi-Sector Write Operation" until the Issuance of a 
Terminal Count signal. If a Terminal Count signal is sent 
to the FDC it continues writing into the current sector to 
tiiomplete the data field. If the Terminal Count signal is 
received while a data field is being written then the re- 
mainder of the data field Is filled with 00 (zeros). 

The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (incorrect 
CRC) In one of the ID Fields, it sets the DE (Data Error) 
flag of Status Register 1 to a 1 (high), and terminates the 
Write Data Command. (Status Register also has bits 7 
and 6 set to and 1 respectively.) 

The Write Command operates in much the same manner 
as the Read Command. The following Items are the 
same; refer to the Read Djata Command for details: 

• Transfer Capacity > 

• EN (End of Cylinder) Fl|ii._ 

• NO (No Data) Flag ! 
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• Head UiUdad Time Interval ' ; ' 

• ID Information when the procdsSOf lerfhlnates com- 
mand (see Table 2) 

• D«^|tltkui of DTL when N = i^rid vnheri N # 

In theWrtte Data mod9, data tran^orebtttiimen the proc- 
essor and F0€ must occur everi^SI tm Wi^e FM mode, 
!a(1d^every 1S>s In the MFM model. If the time Interval 
between data transfers Is longer than this then the FDC 
8«ts 4he OR (Over Run) flag In Status Register 1 to a 1 
(Mgd^ ind terminates the Write DataCommand. 

iWlllfB'OELETED DATA ' '^^ 

This command Is the same as the Write Data Command 
except a Deleted Data Address Mark Is written at the 
beginning of the Data Field Instead of the normal Data 
Address Mark. 

READ DELETED DATA 

This command Is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark 
at the beginning of a Data Field (and !5K = (low)), it will 
read all the data in the sector and set the CM flag in 
Status Register 2 to a 1 (high), and then terminate the 
command. If SK= 1, then the FDC skips the sector with 
the Data Address, Mark and reads- thS(|Q«^| sector. 

READ A TRACK 

This command is similar to READ DATA Command 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately after 
encountering the INDEX HOLE, the FDC starts reading 
all data fields on the track as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check 
bytes, it continues to read data from the track. The FDC 
compares the ID information read fron each sector with 
the value stored in the IDR, and sets the NO flag of 
Status Register 1 to a 1 (high) if there is no comparison. 
Multi-track or skip operations are not allowed with this 
command. 

This command terminates when EOT number of sectors 
have been read. If the FDC does not find an ID Address 
Mark on the diskette after it encounters the INDEX 
HOLE for the second time, then it sets the MA (missing 
address mark) flag in Status Register I to a 1 (high), and 
terminates the command. (Status Register has bits 7 
and 6 set to and 1 respectively.) 



READ ID 

The READ ID Command is used to give the present posi- 
tion of the recording head. The FDC stores the values 
from the first ID Field it is able to read. If no proper ID 
Address Mark is found on the diskette, before the IN- 
DEX HOLE is encountered for the second time then the 
MA (Missing Address Mark) flag in Status Register 1 is 
set to a 1 (high), and if no data is found then the ND (No 
Data) flag Is also set In Status Register 1 to a 1 (high) 
And the d^HHMMtf t^MMMMd. 

FORMi^T A TRACK , , r ^ 

The Format Command alldws an entire track to be for- 
matted. After the INDEX HOLE Is detected, Data Is writ- 
ten OA the Dlekette: Gaps, Address Marks, ID Fields and 
Data Fields, all per the IBM System 34 (Double Density) 
or System 3740 (Single Density) Format are recorded. 
The particular format which will be written is controlled 
by tite yalues programmed into N (number of bytes/sec- 
tor), sb (sectors/cylinder), GPL (Gap Length), and D 
(Data Pattern) which are supplied by the processor dur- 
ing the Command Phase. The Data Field Is filled with 
the Byte of data stored In D. The ID Field for each sector 
Is supplied by the processor; that is, four data requests 
per sector are made by the FDC for C (Cylinder Number), 
H (Head Number), R (Sector Number) and N (Number of 
Bytes/Sector). This allows the diskette to be formatted 
with nonssquentlal sector numbers, if desired. 

After formatting each sector, the processor must send 
new values for C, H, R, and N to the 8272 for each sector 
on the track. The contents of the R register is in- 
cremented by one after each sector is formatted, thus, 
the R register contains a value of R-i- 1 when it is read 
during the Result Phase. This incrementing and format- 
ting continues for the whole track until the FDC en- 
counters the INDEX HOLE for the second time, where- 
upon it terminates the command. 

If a FAULT signal is received from the FDD at the end of 
a write operation, then the FDC sets the EC flag of 
Status Register to a 1 (high), and terminates the com- 
mand after setting bits 7 and 6 of Status Register to 
and 1 respectively. Also the loss of a READY signal at 
the beginning of a command execution phase causes 
command termination. 

Table 5 shows the relationship between N, SC, and GPL 
for various sector sizes: 



TABLE i. 8|eTQ§SIZE RELATIONSHIPS 



S. V ; 



FORMAT 


SECTOil SIZE 


N 


SC 


qpl' 


opl' 


REMARKS 


FMModa. 


1^ 'bytes/Sector 

tat 

512 


00 
01 
02 


'*(16) 
08 


W(16) 
OE(16) 
1B(16) 


18(16) 
"<16) 
^18) 


IBM DIsketta 1 
IBM Diskette 2 


FM Mbda 


1024 bytes/Sector 

2048 

4096 


03 
04 
06 


04 

02 
01 








MFMMod* 


266 
912 
1024 

ioa 

4096 

81S2 


01 
02 
03 
04 
05 
06 


!J(ie) 

<IF(1S) 
08 
04 
02 
01 


1B(,8) 
3S(16) 


36(18) 
"(18) 
"(16) 


IBM Diskette 2D 
IBM Diskette 20 



: 1. SugOMtod values of QPL In Raad or Write Commands to avoid apllca point 
batwaen data field and ID field of contiguous sections. 
2. Suggested values of gpl in format command. 
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SCAN COMMANDS 

The SCAN Commands allow data which Is being read 
from the diskette to be compared a^ains^. data which is 
being supplied from the main systern (Processor in 
NON-DMA mode, and. DMA Con,troller 19 DMA mode). 
The FDC compares^the data on a.byte-by-byte basis, and 
looks for a sector of data which m9ats#i(8 conditions of 

Dfod= DproeessjOC OfoD** Dprooeasor.pr Dfdd > Dprocessor- 

Ones compl^rnent.arjthrpetic Is used for comparison 
l(Pt^s largest number, Odssmatt^t^^ipber). After a 
whalie sector of data is compariEHj, if the conditions are 
not met, the sector number is incren^c^ed (R + STP -* 
R), and the scan operation is contlnt^dmie scan opera- 
tl9n.eor;;ti(3ue6 ^ntH ontof the/^oU^l^iponditions oc- 
elli; tbecQidl^einalor scan ar^iMtliiwfi'. tow, or high), 
itttg ^t s8qtQ»0ci.:the track is reached (^T), or the ter- 
<i]FA|l%count signal is received. 

H'the conditions for scan are met ti-en the FDC sets the 
'SH (Scan Hit) flag of Status Register 2 to a 1 (high), and 
terminates the Scan Command. If the conditions for 
scan are not met between the starting sector (as 
specified by R) and the last sector on the cylinder (EOT), 
then the FDC sets the SN (Scan Not Satisfied) flag of 
Status Register 2 to a 1 (high), and terminates the Scan 
Command. The receipt of a TERMINAL COUNT signal 
from the Processor or DMA Coniroller during the scan 
operation will cause the FD6°to complete the com- 
^y^S&n of the pirtfcular byte *W(3fij-is In process, and 
tfien to tertttiftate fhe cbmm^. tisf^'fi shows the 
9ISSUS of bits SH and SN under vark)i«»<conditions of 
SCAN. . ' : • o^,- 



TABLE 6. SCAN STATUS CODES 



COMMAND 


STATUS REGISTER 2 


COMMENTS 


BIT2*SN 


BIT3-SH 






Scan Equal 





1 


^FDO - ^Processor 


1 





"FDD * ^Processor 







1 


DfDD= I^Processor 


Scan Low or Equal 








DpDD ■ ^Processor 




1 





DpDD ^ ^Processor 







1 


DfdD= ^Processor 


ScanHishor£gUil ^ 


0. 


0- 




'1 ■ - 




• -t a 


^ Dprocassor 



-!32L?. . ■ - -3 S ''0-% 

If the FDC encountei^ a Deleted Dafo Address Mark on 
the sectors. (and.SK=0), then it regards the sec- 
tor aii theia^t sector ori the cylinder, sets CM (Control 
Marl^ flag of status Register 2 to a 1 (Mgh) and ter- 
minates the command. If SK = 1 , the FDC skips the sec- 
tor with the Deleted Address Msrtij><ind reads the next 
sector. In the second case(SK=;t), tf|9^'FDC sets the CM 
(Control Mark) flag of Status Re^ster 2 to a 1 (high) in 
order to show that a Deleted Sector had been en- 
countered. 



When either the STP (contiguous sectors STP = 01, or 
(Alternate sectors STP=02 sectors are read) or the MT 
(Milltf-Track) are programmed, it is necessary to 
reflnember that the last sector on the track must be read. 
For ^^\)\B, If STP = 02, MT=0, the sectors are 
numbered sequentially 1 through 26, and we start the 
Scan Command at sector 21; the following will happen. 
Sectors 21, 23, and 25 will be read, then the next sector 
(26) will be skipped and the Index Hole will be en- 
countered before the EOT value of 26 can be read. This 
will result in an abnormai termination of the command. 
If the EOT had been set at 25 or the scanning started at 
sector 20, then the Scan Command would be JSOiRpMMU 
in a normal manner. 

During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the 
OR (Over Run) flag set in Status Register 1, it is nec- 
essary to have the data available in less than 27 ^s (FM 
Mode) or 13 lus (MFM Mode). If an Overrun occurs the 
FDC terminates the command. 

SEEK 

The read/write head within the FDD is moved from 
cylinder to cylinder under control of the Seek Command. 
The FDC compares the PCN (Present Cylinder Number) 
which is the current head position with the NCN (New 
Cylinder Number), and performs the following operation 
if there is a difference: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a (low), 
and Step Pulses are issued. (Step Out.) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. 
After each Step Pulse is issued NCN is compared 
against PCN, and when NCN = PCN, then the SE (Seek 
End) flag Is set in Status Register to a 1 (high), and the 
command is terminated. 

puring the Command Phase of the Seek operation the 
pDC is In the FDC BUSY state, but during the Execution 
^b^a^ it^ is in ^he NQN BUSY state. While the FDC is in 
the NOivl bIiSy' state, another Seek Command may bf 
Issued, and In this manner parallel seek operations rnay 
'be dc^e on tip to 4 Drfvis at once. 

If an FDD is in a NOT READY state at the beginning of 
the command'executlon phase or during the seokopera- 
tion, then the NR (NOT READY) flag is set in Status 
^t£lig^<Ote#iAi^kM(i the command is terminated. 

::- [ _Sf 

ITJ 
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RECALIBRATE 

This command causes the read/writ€ head within the 
FDD to retract to the Track positiori. The FDC clears 
the contents of the PCN counter, and checks the status 
of the Track signal from the FDD. As long as the Track 
signal is low, the Direction signal remains 1 (high) and 
Step Pulses are issued. When the Track signal goes 
high, the SE (SEEK END) flag in Status Register is set 
to a 1 (high) and the command is terminated. If the Track 
signal is still low after 77 Step Pulses have been 
issued, the FDC sets the SE (SEEK END) and EC (EQUIP- 
MENT CHECK) flags of Status Register to both 1s 
(highs), and'torminateislhe command. 

The ability to overlap RECALIBRATE Commands to 
multiple FDDs, and the loss of the rtEADY signal, as 
described in the SEEK Command, also applies to the 
RB^LIBRATE Command. 

SENSE INTERRUPT STATUS 

An Interrupt signal Is generated by the FDC for one of 
the following reasons: 

1. Upon entering the Result Phase of: 

a. Read Data Command . _ 

b. Read a Track Command 

c. Read ID Command 

d. Read Deleted Data Command 

e. Write Data Command 

f. Format a Cylinder Command 

g. Write Deleted Data Command 

h. Scan Commands 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 

4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. However, interrupts caused by 
reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This 
command when issued resets the interrupt signal and 
via bits 5, 6, and 7 of Status Register Identifies the 
cause of the interrupt. 



TABLE 7. SEEK, INTERRUPT CODES 



SEEK END 


INTERRUPT CODE 




BIT 5 


BIT 6 


BIT 7 


CAUSE 





1 


1 


Ready Line changed 
state, either polarity 


1 








Normal Termination 
of Seek or Recalibrate 
Command 


1 


1 





Abnormal Termination of 
Seek or Recalibrate 
Commard 



Neither the Seek or Recalibrate ComrhahUW*e« Resutt 
Phase. Therefore, it is mandatory to use thefgense Inter- 
rupt Status Command after thesgjg^^p^niBrg^^^p effec- 
tively terminate them and to providdA^iMicatjon of the; 
head4H»tt)en.(EGN). : 

SPECIFY 

The Specify Command sets the initial values for each of 
the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of 
one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 

increments of 16 ms (01 = 16 ms, 02 = 32 ms 0F = 

240 ms). The SRT (Step Rate Time) defines the time in- 
terval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (F= 1 
ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load signal 
goes high and when the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in in- 
crements of 2 ms (01 = 2 ms, 02=4 ms,, 03^— 6 msi^^,. ] 
FE = 254 ms). ' ' " 

The time intervals mentioned above are a direct function 
of the clock (CLK on pin 19). Times indicated above are 
for an 8 MHz clock, if the clock was reduced to 4 MHz 
(mini-floppy application) then all time Intervals are In- 
creased by a factor of 2. - y-; 

The choice of DMA or NON-DMA operation Is made by 
thb ND(NON-DMA)bit. When this bit is high (ND = 1) the 
N<yS^il(flAJmc«lS i§ s«ISi9)«il> when r^P=0 the DMA 
m(»i6 'lit delected. '.f 

SENSE DRIVE STATUS 

This command may be used by the processor whenever 
It wishes to obtain the status of the FDDs. Status 
Register 3 contains the-'Drlve Status Information. 

INVALID I 

If an invalid command is sent to the FDC (a command! 
not defined above), then the FDC will terminate the com- 
mand. No interrupt is generated by the 8272 during this 
condition. Bit 6 and bit 7 (DIG and ROM) in the Main 
Status Register are both high ("1") indicating to the 
processor that the 8272 is in the Result Phase and the 
contents of Status Register (STO) must be read. When 
the processor reads Status Register it will find a 80H 
Indicating an invalid command vi^as received. 

A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate interrupt, otherwise the FDC will 

consider the next command to be an Invalid Command. 

In some applications the user may wish to use this com- 
mand as a No-Op command,'to place the FOG in a st^md-i 
by or no operation state. I 
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DESCRIPTION 


NO. 


NAME 


SYMBOL 


STATUS REGISTER 




Interrupt 
Code 


IC 


D7-0and Dg-0 

Normal Termination of Command, 
{NT). Command waa completed and 
properly executed. 








07 = and Dr,= 1 
Abnormal Tei'minatlon of Com- 
mand, (AT). Execution of Command 
was started, 3\jt was not 
successfully completed. 








D7 = 1 and 0^=0 
Invalid CammsHllsaue, (IC). 
Command ilMI(Sh"was Issued was 
never started. 








D7= 1 and Df = l 

Abnormal Termination because 

during command execution tfie 

ready signal from FDD ctianged 

state. 


D5 


Seek End 


SE 


When tile FDC completes ttie 
SEEK Command, tills flag is set to 1 
(high). 


D, 


Equipment 
Ctieck 


EC 


If a fault Signal is received from the 
FDD, or if the Track Signal tails to 
occur after 77 Step Pulses (Recali- 
brate Command) then this flag is set. 


D3 


Not Ready 


NR 


When the FDD is in the not-ready 
state and a read or write command Is 
issued, this flag is 9^. If a read or 
write commantl la iaaued to Side 1 
of a single sIcM^dli^, then this flag 
is set. 


Dj 


Head 
Address 


HD 


This flag is ute6 to indicate the 
state of the head at Interrupt. 


B, 


Unit Select 1 


US 1 


These flags are used to indicate a 


Do 


Unit Select 


uso 


Drive Ufiif Nuq^ at Interrupt 


STATUS REGISTE^rl 


O7 


End of 
Cylinder 


EN 


When the FDC tries to access a 
Sector beyond the final Sector of a 
Cylinder, this flag is set. 








Not used. This bit is always (low). 


O5 


Data Error 


OE 


When the FDC detects a CRC error 
in either the ID field or the data field, 
this flag Is set. 


0, 


Over Run 


OR 


If the FDC ie not aervlced by the 
main-syslems.durlflo data transfers, 
within a ^mj^ flMe lMenral, this 
flag is set. - 


D3 






Not used. This bit always (low). 


D2 


No Data 


ND 


During execution of READ DATA, 
WRITE DELETED DATA or SCAN 
Command, If the FDC cannot find 
the Sector tjipfSlfjM In; tile IDR 
Reglsw, tnts' Ites'tt Sat. 








During executing the READ ID Com- 
mand, it the FDC cannot read the 
ID field without an error, then this 
flag is set. 








During the execution of the READ A 
Cylinder Command, if the starting 
sector cannot be found, then this 
flag Is set. 





DESCMPnON t'.y^ 


NO. 


NAME- 


SYMBOL 


STATUS REGISTEFlKCONT.) 




Not 


NW 


During execution of WRITE DATA, 
WRITE DELETED DATA or Formal A 
Cylinder Command, if the FDC 
detects a «wit«:piM«et signal from 
the FDD, than tMS>ttag is set. 


Do 


Missing 
Address 
Mark , - 


MA 


If the FDC cannot detect the ID 
Address Mark after encountering the 
index hole twice, then this flag is set. 








If the FDC cannot detect the Data 
Address Mark or Deleted Data 
Address Mark, this flag is set. Also 
at the same time, the MD (Miseing 
Address Mark In Data Field) of 
Status Register 2 is set. 


STATUS REGISTER 2 


D7 






Not used. This bit is always (low). 


De 


Control 
Mark 


CM 


During executing the READ DATA or 
SCAN Command, if the FDC 
encounters a Seotor which contains 
a Deleted >Data'.M^ijsas Mark, thla 
flag ia s^ 


D5 


Data Error in 
Data Field 


DD 


If ths FOCfi^stects a CRC error In 
the data field then, this flag Is set. 


D4 


Wrong 
Cylinder 


WG 


ThIs.bIt Is related tiirtth the ND bit. 
and when the contents of C on the 
medium is different from that stared 
in the IDR, this flag is set. 


D3 


Scan Equal 
Hit 


SH 


During execution, the SCAN 
Command, if the condition of 
"equal" is satisfied, this flag is set. 


D2 


Scan Not 
Satiafied 


SN 


During executing the SCAN 
Command, if the FDC cannot find a 
Sector on the cylinder which meets 
the condition, then this flag is set. 


D, 


Bad 

Cylinder 


BC 


This bit is related with the ND bit, 
and when the content of C on the 
medium Is different frtwn-thit sterad 
in the IDR and the content of 'C'ls 
FF, then this Nag Is set. 


Do 


Mfssing 

Address 
r^ark in Data 
Field 


MD 


When data Is read from the medium. 

If the FDC cannot find a Data 
Address Mark or Deleted Data 
Address Mark, then this flag Is set. 


STATUS REGISTER 3 


D7 


Fault 


FT 


This bit is uaad toiln<ll9atft|hB„ 
status of the ^^tdtial WWlhe 

FDD. 


De 


Write 
Protected 


WP 


This bit is used to indicate the 
status of the Write Protected signal 
from the FDD. 


D5 


Ready 


RDY 


This bit is used to indicate the status 
of the Ready signal from the FDD. 


D4 


Track 


TO 


This bit is used to indicate the status 
of the Track signal from the FDD. 


D3 


Two Side 


TS 


This bit is used to indicate the status 
of the Two Side signal from the FDD. 


D2 


Head 
Address 


HD 


This bit is used to indicate the status 
of Side Select signal to the FDD. 


Dl 


Unit Select 1 


US 1 


This bit is used to indicate the status 
of the Unit Select 1 signal to the FDD. 


Do 


Unit Select 


USO 


This bit is used to indicate the status 
of the Unit Select signal to the FDD. 



A^OLUTE MAXIMUM RATINGS* 

Operating Temperature -10°Cto +70°C 

Storage Temperature -40°Cto +125°C 

All Output Voltages -0.5 to +7 Volts 

All Input Voltages -0.5 to +7 Volts 

Supply Voltage Vcc -0.5 to +7 Volts 

Power Dissipation 1 Watt 

•Ta=2S'C 



DC CHARACTERISTICS : 

Ta=0*C to +70*C; Voc= +5V±5% 



COMMENT: Stress above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to 
the device. This Is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. M)VMSu/e:to absolute jpaxl- 
mum aMtffeomUtlotts for mcteiKM psrtbda may.^feet 
device reHabUity. 



I'iSPl rr.>-!« -I "i ,•• 

vftieO in S fjc:. 



SYMBOL 


PARAMETER 


LIMITS 


UNit 


TEST 
CONDITIONS 


MIN 


MAX 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




V|L 


(CLK & WR CLK) 


-0.5 


0.65 


V 




V|H 


(CLK & WR CLK) 


2.4 


Vcc +0.5 


V 




Vol 


Output Low VOI^e 




0.4S 


V 


loL= 2.0 mA 


Vqh 


Output High Voltage 


2.4 


Vcc 


V 


loH= -200 jiA 


Ice 


Vcc Supply Current 




150 


mA 




l|L 


Input Load Current 
(All Input Pins) 




10 

-10 


hA 

p,A 


V|N = Vcc 
V|N = OV 


'loh 


High Level Output 
Leal<age Current 




10 


mA 


VouT= Vcc 


'lol 


Low Level Output 
Lealoge Current 




-10 




VouT= +0.45V 



. .■ ev)tti* OCW 



CAPACITANCE 

Ta=25"C; fo=1 MHz; Vcc = OV 



SYMBOL 


PARAMETER 


UMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


MAX 




Clock Input Capacitance 




20 


PF 


All Pins Except 
Pin Under Test 
Tied to AC 
Ground 


C|N 


Input Capacitaniie 




10 


PF 


Cqut 


Output Capacitance 




" w 


.pF 
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A.C. CHARACTERISTICS s v M v o i . Ve 



f/^=0'C to70*C, Vcc= +5.0V±5% 



SYMBOL 


PAfMMETER 


MIN 


M/VX 


UNIT 


TEST CONDITIONS 

■ ' ■ K 


RMd Cycit 

*nA 

'hr 

Writ* Cycl* 

'aw 

'ww 
'dw 


aockPerfod ' 
Cloek High Period ' ■ 
• Reset Width ■> ;^ ,--f , 

Select Setup to RDi 
Select Hold from RDt 
rG Pulse Width 
Data Delay from 
Output Float Delay 

Select Setup to WRt 
Select Hold from^ffil 
WR Pulse Width 
Data Setup to wRt 
' DaUHddffomWnt 


; >'■'.■ ' 

-: j'V 


125 
40 

■' ' 14 



2B0 

20 




250 
150 

s" 


200 
100 


ns 
ns 
Icy 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 


(i:..C>V I'ldQi'^ 

Cl= 100 pF 
Cl=100pF 

: yQ 

• -aT 


Interrupts 

•ri 
'wi 


INT Delay from RW 
INT Delay from WRt 






500 
60O 


ns 
ns 






DMA 

'rqcy 
'akrq 

*BQR 

•row 
•rorw 


DRQ Cycle Period 
DACKt to DRQl 
DRQt to RDi 
DRQttoWR* 
DRQttoTSBtor'WHt 


- 


13 

.800 
.850 


200 
12 


fS 

ns 
ns 
ns 

MS 


8 MHz clock 
8 MHzclocK 
8 MHz clbdk 


FDD Inlcifac* 




TYP^ 












•WCY 


WCK Cycle Time 


2or4 
- l or 2 






fiS 


MFM = 
MFMs 


° Note 2 


'wCH 

•cp 

'CD 

'WDD 

•wE 


WCK High Time 

Pre-Shift Delay from WCKt 

WDA Delay from ViG*» 

Write Data Width i 

WEt to WCKt or WEt to WCKt Delay 




80 
20 
20 

'wCH - 50 
20 


350 
100 
100 

lUU 


ns 
ns 
ns 
ns 
ns 




.1' 


•WVWCY 


Window Cycle Time 


2 
1 






MS 


MFM = 
MFM = 




1 


'wRD 

'row 

'bdd 


Window Setup to RDDt 
Window Hold from RDDt 
RDD Active Time (HIGH) 




15 
15 
40 




ns 
ns 
ns 






FDD 
SEEK/ 
DIRECTION/ 
STEP 

'us 
'sii 
'so 

'dst 


USo 1 Setup to RW/SEEKf 
USq'i Hold from RW/SEEKt " 
RWiiSEEK Setup to IjCT/DIR . 
RW/SEEK Hold from LCtlTDlW 
LCT/DIR Setup to FR/STEPt 




12 
15 

7 
30 

1 




)iS 
MS 
MS 
MS 
MS 







•STD 
•sTU 
'STP 

tsc 
'fr 

'iDX 

'tc 


LCT/DIR Hold from FR/STEPl 

DSq^ Hold from FR/Stepi 

STEP Active Time (High) 

STEP Cycle Time 

FAULT RESET Active Time (High) 

INDEX Pulse Width 

Terminal Count Width 


S 
625 


24 
5 

33 

8 

1 


10 


MS 
MS 
MS 
MS 
MS 
MS 
'CY 


Note 3 



NOTES: 

1. Typical values for Ta=2S*C and nominal supply voltage. 

2. The former values are used for standard floppy and the latter values are used for mini-floppies. 

3. tsc = 33ms min. Is for different drive units. In the case of same unit, tgc can be ranged from 1 n«i>tla;liM«'«iASMHz clock period, and 2ms to 32ms 
with 4 MHz clock, under software control. 
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TIMING WAVEFORMS 

PROCESSOR ReAD OPi|miON 

ZXZZZZliDC 



J 



BJiEK 



>- 



\_ 



pROOf SfgR WRITE OPERATION 



Ao, CS, OACK 











tww ► 


tWA 











-r*DW- 



1 



DMA OPERATION 

<F1QCV — 




r 



1 



-IrqwIWR)- 
-iBonWDi— 



WniTS CLOCK 
(WCK) 



WHITE ENABLE 
(WE) 



FDD READ OPERATION 

— IWCH . • - 




r OR 1 V~ 



— I — tw 



WniTE DATA 
(WDA) 



3 ( H 





PRESHIf^ 


PRESHIFT 1 


NORMAL 








LATE 





1 


EARLY 


1 





INVALID 


1 


1 
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FAULT RESET 
FILE UNSAFE RESET 



FLT RESET INDEX 



READ OATjtk 



FDD READ OPERATION 



READ DATA WINDOW 



NOTE: EITHER POLARITY DATA WINSG^ IS VWn. 



TERMINAL COUNT RESET 



A.C. TIMING MEASUREMiNT CONDITIONS 

INPUT WAVEFORM 
A iiS!! A_ 



MEASUREMENT POINT 

INPUT: 2.aV°°0.SV 
OUTPUT: 2.0V~0.aV 



Intel' 



tPi^itM 

8273,8273-4,8273-8 
PROGRAMMABLE HDLC/SDLC PROTOCOL 
CONTROLLER 



■ CCITT X.25 Compatible 

■ HDLC/SDLC Compatible 

■ Full Duplex, Half Duplex, or Loop 
0, $DLC Operation 

i 'Up to 64 K Baud Synchronous 
Transfers 

■ Automatic FCS (CRC) Generation and 
Checking 

■ Up to 9.6K Baud with On-jieard Phase 
Locked Loop 



■ Programmable NRZI Encode/ Decode 

■ Two User Programmabla lUlQdem 
Control Ports 

■ Digital Phase Lootied Loop CiocIt 

■t|f|nitrium CPU Overhead , ^i^r 

■ .,'^liy Compatible witi) 

8088/8086 CPUs 

■ Single +5V Supply 



The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/ 
CCITT's HDLG and IBM's SDLC communication line protocols. It is fully compatible with Intel's new high performance 
microcomputer systems such as the 1^ CS-SS/Se^". A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 

' ----- ■■ ■ " - -• - — 11.---^^ ^ . 



PIN CONFIGURATrON 




REGISTERS 



BLOCK DIAGRAM 



TxllMT RESULT 


COMMAND 


BxINT RESULT 


PARAMETER 


TEST MODE 


STATUS 




RESUiT 



A f\ DATA 

) < ) BUS 

\j 1/ BUFFER 



TkDRQ 
T>DACK 
RiORQ 

R>DACK ' 

TkINT ■ 
R*INT 



PIN NAMES 



READ/ 

ITE y'l__N^ 



DMA/ ir ^ 

«■ CONTROL \j 1/ 

LOGIC 



DB0-DB7 

FlagdeT 

TxINT 

CLK 

RESET 



iCK 
TxDRO 
(IS 



ft>E)ACK 
Rii ORO 
Rk INT 
AD-A 1 



DATA BUS 18 8ITSI 
FLAG DETECT 
TRANSMITTER INTERRUPT 
CLOCK INPUT 
RESET 

TRANSMITTER DMA ACKNOWLEDGE 
TRANSMITTER DMA REQUEST 

RECEIVER DMA ACKPVOWLEOGE 
RECEIVER DMA REQUEST 
RECEIVER INTERRUPT 
COMMAND REGISTER SELECT ADDRESS 
DIQITAL PHASE LOCKED LOOP 



C5 _ 
35JCLK 
RxD 
Rx C 

Tre 

Tn D 

ct5 

CD 

PAI--PA4 

Pfll-Pfl4 

(ITS 



CHIP SELECT 
32 TIMES CLOCK 
RECEIVER DATA 
RECEIVER CLOCK 
TRANSMITTER CLOCK 
TRANSMITTER DATA 
CLEAR TO ^ND 
QABfltER DETECT 
GfamjJ PORTS 
GP OUTPUT PORTS 
REQUEST TO ^NO 
*5 VOLT SUPPLV 
GROUND 



INTERNAL DATA BUS ■ 
CPU tNTERFAC^ 



■ <.ri.-r]n It., , 



TaO 




RkD 

r1^ 



MODEM INTERFAI^ 
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• - ■■■ Vi 

types of frames; an Information Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initialization 
control of the secondary stations. ' . 

i^ii|liirpiairacteristics 

An important characteristic of a frame is that its con- 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system — it may even 
be a computer word length or a "memory dump". The 
frame is bit oriented that Is, bits, not characters in each 
field, have specific meanings. The Frame Check 
Sequence (FCS) is an error detection scheme similar to 
the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices. The Command and 
Response information frames contain sequence numbers 
in the control fields identifying the sent and received 
frames. The sequence numbers are used in Error 
Recovery Procedures (ERP) and as implicit acknowledge- 
ment of frame communication, enhancing the true full- 
dl!i|ili«ftiiuVe-o*f the HDLC/SDLC protocols. 

In contrast, BISYNC is basically half-duplex (two way 
,.. alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore sayes 
propagation delay times and have a pQteiiti^I Of twice'tfie 
throughput rate of BISYNC. - . 

it is possible to use HDLQ or ^0LC over half duplex lines 

but there is a corresponding loss in throughput because 

both are primarily designed for full-duplex communi- 
cation. As in any synchronous system, the bit rate is 

determined by the clock bits supplied by the modem, 

protocols themselves are speed independent. 

j A byproduct of the use of zero-bit insertion-deletion 
- technique is the nonrreturn-to-zero invert (NRZII data 
transmission/reception compatibility. The latter allows 
HDLC/SDLC protocols to be used wjtb asynchronous 
data communication hardware in whifih the clocks are 
derived from the NRZI encoded data. 
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A BRIEF DESCRIPTION OF HQUC/SDLC 
PROTOCOLS 

General 

The High Level Data Link Control (HDLC) is a standard 
communication link protocol established by International 
Standards Organization (ISO). HDLC is the discipline 
used to implement ISO X.25 packet switching systems. 

The Synchronous Data Link Control (SDLC) is an IBM 
communication link protocol used to implement the 
System Network Architecture (SNA). Both the protocols 
are bit oriented, code independent, and ideal for full 
duplex communication. Some common applications 
include terminal to terminal, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed data links. In systems which require expensive 
cabling and interconnect hardware, any of the two 
protocols could be used to simplify iriterfacing (by going 
serial), thereby reducing interconnect hardware costs. 
Since both the protocols are speed independent, reducing 
interconnect hardware could become an important 

appjieation. 

■ 'i '.' ' ■ 

Network; , 

In both ttWHDtC artd SDLC line protocols, accord ing to a 
pf*<«8iSt*etf1iierar6hy, a PRlAilARY ^Cksmtroi) STATION 
controls the overall network (data link) and issues 
commandeto the SECONDARY (S»^) STATIONS. The 
latter comply with instructions !a?i^ f^^ipond by sending 
appropriate RESPONSES. Whenever a transmitting 
station must end transmission prematurely it sends an 
ABORT character. Upon detecting art atoit character, a 
receiving station ignores the transmission block called a 
FRAME. Time fill between frames can be accomplished by 
transmitting either continuous frame preambles called 
FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen consecutive ones, the station goes into 
an IDLE state. 

Frames 

A single communication element is caHed a FRAME which 
can be used for both Link Control and data transfer 
purposes. The elements of a frame are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bit) INFORMATION FIELD (I), a 
sixteen bit F.RAME CHECK SEQUENRSFtFCS), and an 
eight bit end-f LAG (F), having the sanis bit pattern as the 
begiruflng flag. In HDLC the Address Ia) and Control (C) 
bytes are extendable. The HDLC and the SDL " I 



OPENING ADDRESS CONTROl INFORMATION FRAME CHECK CLOSING 

FLAQtF) FIELD (A) FIELDS FIELD (I) SEQUENCE (FCS) FLAG (Fl 



01111110 


8 BITS 


ssrrs 


VARIABLE LENGTH 
(ONLY IN 1 FRAMES) 


16 BITS 


1111110 



Figure 1. Frame Format 
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FUNCTIONAL DESCRIPTION 

General 

The Intel* 8273 HDLC/SDLC controller is a microcom- 
puter periplieral device wtiich supports the International 
Standards Organization (ISO) High Level Data Link 
Control (HDLC), and IBM Synchronous Data Linl< Control 
(SDLC) communications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen- 
tation of the low level tasl<s associated with frame 
assembly disassembly and data integrity. The 8273 can be 
used in either synchronous or asynchronous applications. 
In asynchronous applications the data can be program- 
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero- 
bit insertion/deletion technique. The frames are automati- 
cally checked-fdt^ errors during reception by verifying the 
Frame Check Sequence (FCS); the PCS is automatically 
generated and appended before the final flag in transmit. 
The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 
The 8273 can assume either a primary (controli or a 
secondary (slavel role. It can therefore be readily 
implemented in an SDLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
taatween controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an aocurgje clock. 

Hardware Description 

The 8273 is packaged in a 40 pin DIP. TTtW'following is a 
functional description of each pin. 

Hb Name (No.) I/O DwcripBon 

Vcc (40) +SV Supply 

GND(20) Ground^ 

RESET (4) I A high signal on this pin willforce 
the 8273 to an idle state. The 8273 
will remain idle until a command 
is issued by the CPU. The modem 
interface output signals are forc- 
ed high. IRes^ muist be true for a 
minimum of 10 TCY. 
I The RD and WR inputs are en- 
abled by the chip select input. 
I/O The Datk Bu^ia^ are bidirec- 
tional three-state lines which in- 
terface v^j.th . the system Data Bus. 
I The Write signal is used to con- 
trol the transfer of either a com- 
mand or data from CPU to the 
8273. 

RD (9) I The Read signal is used to con- 

trol the transfer of either a data 
byte or a status word from the 
8273 to the CPU. 

TxINT (2) O The Transmitter interrupt signal 

indicates that the transmitter 
logic requires service. 

RxINTdD O The Receiver interrupt signal in- 

dicates that the Receiver logic re- 
quires service. 



(24) 

DB7-DB0 (19-12) 
WR (10) 



TxDRQ (6) 



RxRDQ (8) 



TxDACK (5) 



O Requests a transfer of data be- 
tween memory and the 8273 for a 
transmit operation. 

Requests a transfer of data be- 
tween the 8273 and memory for a 
receive operation. 

1 The Transmitter DMA acknow- 
' "ot''>^3 that 



cycle has been 



RxDACK (7) 

A1-A0 (22-21) 

TxD (29) 
TxC (28) 
RxD (26) 
RxC (27) 



32X CLK (25) 

1-:: ^.ise^.QUtSK 



: MAR yakiS 



'tWTxDMA 

granted. 

I The Receiver DMA acknowledge 
signal notifies the 8273 that the 
RxDMA cycle has been granted. 

I These two lines are CPU Inter- 
face Register Select lines. 

This line transmits the serial data 
to the communication channel. 

1 The transmitter clock is used to 
synchronize the transmit data. 

I This line receives serial data from 
the communication channel. 

I The Receiver Clock is used to 
synchronize the receive data. 

I The 32X clock is used to provide 
clock recovery when an asyn- 
chronous modem is used. In loop 
configuration the loop station 
can run without an accurate IX 
clock by using the 32X CLK in 
conjunction with the DPLL out- 
put. (This pin must be gfouod^ 
when not used). 

O Digital Phase Locked Loop out- 
put can be tied to RxC and/or 
TxC when IX clock is not avail- 
able. DPLL is used with 32X CLK. 



PLAQDETd) O 
RTS (35) O 



CTS (30) 



CD (31) 



PA2-4 iSgsplp- 



PB1-4 (36-39) 



Flag Detect, signals that a flag 
(0111111 0) itsas bfin received by 
an active receiver. • t ' 



CLIC13J 



Request to Send signiyf'i^ft the 
8273 is ready to transmit data. 

I Clear to Send signals that the 
modem is ready to accept data 
from the 8273. 

I Carrier Detect signals that the 
line transmission has started and 
the 8273 may begin to sample 
data on RxD line. 

I General purpose input ports. The 
logic levels on these lines can be 
Read by the CPU through the 
Data Bus Buffer. 

O General purpose output ports. 
The CPU can write these output 
liilAii <through Data Bus Buffer. 

.1 -A squarej*»ve.TTL clock. 
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PROGRAMMABLE KEYBOARPi|l§pi^Y INTERFACE 



« MCS-te^" Compatible 8279-5 

■ Simultaneous Keyboard Dispiay 

'|^3|ierafions 

■ Scanned Keyboard Mode 

■ Scanned Sensor Mode 

■ Strobed Input Entry Mode 

■ 8-Character Keyboard FIFO 

■ 2-Key Lockout or N-Key Rollover with 
niContact Debounce 



■ f)%i(l^ orif .^Ntmer Display 



Single 16-Character Display 



■ Right or Left Entry 16-Byte Dtsplj$y^' " " 
RAM ' 



■ Mode Programmable from CPU 

■ Programo^bie Scan Timing 

■ Interrupt Output on Key Entry 



The Intel'' 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® nnicroprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion vtfill also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounoed and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the Interrupt output 
line to the CPU. 

The display portioii provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both humeric and alphanumeric segment displays may be used as well as simple IMettors. The 8279 
has 16X8 dl^pfiy RAM which can be organized Into dual 16X4. "Bk RAM can: tie loaded or intetroga^^iiiiiy the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Bath read and 3MMte«if.-|hAgdlte|Dlay RAM 
cifli be done With auto-Increment of the display RAM address. : . u ' . .n . 



PIN CONFIGURATION 



RL2C 
RL3I: 
clkC 
irqC 

RL,C 

"LsC 
Rl,C 
RESET C 

BbC 

WHC 

DB.C 

DB,i: 

DBjC 
D85C 

OBeC 

DB,C 



3V„ 

39 Drl, 

<- JRLo 

27 JCNTL'STB 
36 DSHtFT 

35 DsUj 

34 2Sl, 

33 D SL, 

32 D SLo 

31 ^OUT B, 

30 3 OUT Bi 

29 3 OUT Bj 

28 DOUT 83 
27 3 OUT Ao 
26 D OUT Ai 
25 HOUT A2 
24 1 OUT A3 
23 3SB 

n 

21 3Ao 



PIN NAMES 





1.0 


DATa auS I8t DIRECriONAL) 






CLOCK INPUT 






^ RESt ' INPUT 






"chip select 


m 




READ INPUT 






WRITE INPUT 


- 


— j- 


SUFFER ADDRESS 


IRQ 





INTERRUPT REQUf ST OUTPUT 


SLoj 





SCAN • l^ES 


nLoi 


1 


RETURN LINES 


SHIFT 




SHIFT INPUT 


IC»JTL/STI) 




COMfini srftufit ir^f-i.--' 


OUT Ao J 





DPSPLflv lAi Outputs 


OUT Boa 




DISPL4V ;a) OUTPUTS 


SB 




BLANK DISPLAY OUTPUT 



LOGIC SYMBOL 

JVc( 



art? fqriT •- fttJ- 



IRQ RLo7 



V 



re 

T C 



T363Sfi 



> 



OISPLAV 



9-70 



8279/8279-5 



HARDWARE DESCRIPTION 

The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 
No. Of 

Pins Designation Function 



SHIFT The shift input status is stored 

along with the key position on 
key closure In the Scanned 



8 DB0-DB7 

1 CLK 
1 RESET 



1 CS 



1 Ao 



2 RD, WR 



1 IRQ 



2 Vss, Vcc 
4 SLotSLs 



8 RL0-RL7 



Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans- 
mitted on these lines. 
Clock from system used to gen- 
erate internal timing 
A high signal on this pin resets 
the 8279. After being reset the 
8279 is placed in the following 
mode: 

1) 16 8-bit character display 
—left entry. 

2) Encoded scan keyboard— 2 
key locl(out. 

Along with this the program 
clock prescaler is set to 31. 

Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 
Buffer Address. A high on this 
line indicates the signals in or 
out are int^rprcAed as a com- 
mand or status. A low indicates 
that they are data. 
Input/Output read and write. 
These sigQal$ ^able the data 
buffer^ to {Either send data to 
the external bits or receive it 
from t^e eaernst bus. 
Interrupt B*|i^^ln a keyboard 
mode, the interrupt line Is high 
when thereiS''data in the FIFO/ 
Sensor RAM. The interrupt tine 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa- 
tion in the RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor Is detected. 

Ground and povi^ supply pins. 

Scan Lines which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines cart^e either en- 
coded (1 of 16) or decoded (1 of 
4). 

ReturnHine in^its which are 
connect9(^-K>-^k«i scan lines 
througW^^ It^ or sensor 
switches. They 'Kive active in- 
ternal pullups to keep them 
high until a switch closure pulls 
one low. They also serve as an 
8-bit input in the Strobed Input 
mode. 



No. Of 
Pins 



Designation Function 



CNTL/STB 



4 OUT Ao-OUT A3 
* ' OUT Bo-OUT B3 



BD 



Keyboard modes. It has an ac- 
tive internal pullup to keep it 
high until a switch closure pulls 
It low. 

For keyboard modes this line is 
used as a control input and 
stored like status on a key clo- 
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 

(Rising Edge). It has an active 
internal pullup to.keep i^lijDl^: 
until a switch closure piifMi ft 
low. 

These two ports are the outputs 
for the 16 X 4 display refresh 
registers. The data from these 
outputs is synchronized to the 
scan lines (SL0-SL3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8 bit 
port. 

Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 



PRINCIPLES OF OPERATION 

The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 

. I/O Control and Data Buffers 

'The l/d control section uses the CS, Ao, RD and WR lines 

to control data flow to and from the various internal 
registers and_buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information Is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus_ to the external bus. When the chip is not 
selected (CS = 1), the device s ar e in a high impedance 
state. _Th6 drivers input during WR*CSand output during 
RD»CS. 

Control and Timing Registers and Timing Control 

These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
c omm and on the data lines with Ao = 1 and then sen ding 
a WR. The command is latched on the rising edge of WR. 
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FUNCTIONAL DESCRIPTION 



Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load oh the CPU. The 8279 provides this function 
for 8-bit microprocessors. 

The 8279 has two sections; keyboard and display The 
keyboard section can int'erface to regular typewriter style 
keyboards or random toggle or thumb switches The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes include: 

Input Modes 

• Scanned Keyboard — with encoded (8x8 l^ey 
, Myboard) or decoded (4x8 key |<eyb<^^4) scan I ines. 
A kisjr depression generates a 6-b!t encoding of key 
position. Position and shift and control status are 
stored In the FIFO. Keys are automatically detx}unced 

„ )y.i]il»;2-key lockout or N-key rollover. 



)0 

Scanned Sensor Matrix — with encoded (8x8 matrix 
switches) or decoded (4x8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 

Strobed Input — Data on return lines during control 
line strobe is transferred to FIFO. 



Output Modes 

• 8 or 16 character multiplexed displays that can be or- 
ganized as dual 4-bit or single 8-bit (Bo = Dqi f<3=0j\. 

• Right entry or left entry display formats. 

Other features of the 8279 include: 
' '^h^,ike. CPU. 



• Mode, prog 

• Clock Prescaler 

• Interrupt output to signal CPU when there is keyboard 

or sensor data available 

• An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM,can also t^ rfad by the.CPU. 



CLK RESET 



DATA 
BUFFERS 



INTERNAL - DATA BUS (81 



DISPLAY 
ADDRESS 
REGISTERS 



16 > a 

DISPLAY 
RAM 



CONTROL AND 
TIMING 
REGISTERS 







■'! 


- < 




\/ 






DISPLAY 




REGISTERS 






S 







TIMING 
AND 
CONTROL 



I/O CONTROL 



7^ 



FIFO/SENSOR 
RAM 



SCAN COUNTER 



OUTAo.3 0UTBfr3 



FIFO'SENSOR 
RAM 
STATUS 



KEYBOARD 
DEBOUNCE 

AND 
CONTROL 



7\ 



SHIFT 

RLm cntl«tb 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a N prescaler 
that can be programmed to yield an interna! frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan, arid display 
scan times. 

Scan Counter 

The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoced mode, the scan 
counter decodes the least significant 2 bits and provides a 
Gteepded 1 of .4 scan. Note than when the keyboard Is in 
decoded scan, so is the display. This means that only the 
first 4 charaoters in the Display RAM are displayed. 

In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the smn ><nes are active 
low outputs. 

Rsturn Buffars and Keyboard Debounce 
i^d Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO Vn the scanned 
Sensor ISiatrix modes, the contents' of the return lines is 
directly transferred to the corresponding row of the 
^nsor RAM (FIFO) each key scan time. In Strobed Input 

fgde,, the contents of the return lines are transferred to 
^'FIFO oh the rising edge of the CNTL/STB line pulse. 

FIFO/Sensor RAM and Status 

This block is a dual function 8x8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM.. Each row of the 
Senfior RAM >S loaded v^ith.the statuf , otit^e correspond- 
Jhg row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 

The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment af ter 6*eh tead sr write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations tor details. ' - 



8279 commands 

The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and Anhigh and are loaded to the 8279 on the rising 

MSB LSB 

Code: 



1-1. |.i 



Where DD ts Ihe DisplayfMode and KKK is the -Keyboard 
Mode. fi! A t j 

DD , . - 

8 8-bit character display — Left entry 

1 16 8-bit character display — Left entry" 

1 8 8-bit character display — Right entry 

1 1 16 8-bit character display — Right entry 

For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
indefiendetft of display mode set. 



KKK 















Encoded Scan Keyboard — 2 Key Lockout* 








1 


Decoded Scan Keyboard — 2»Key Lockout 





1 





Encoded Scan Keyboard — N-Key Rollover 





1 


1 


Decoded Scan Keyboard — N-Key Rollover 


f. 





Q 


,' Encpxied Scan Sensor Matrix 


1 





1 


Decoded Scan Sensor Matrix 


1 


1 





Strobed Input, Encoded Display Scan 


1- 


1 


1. 


Strbiaed Input, Decoded Display $c,an ' 



Code! 







All timing and multiplexing signals for the 8279 are 
^generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 to 31. Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat- 
ing frequency. 



RMMf IFO/Sensor RAM 

Codef 



A) 



% X = D6n1Care 



The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key- 

■Defatrff aft* wset. 
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in the samQ sequence in wliich ttie data first entered the 
fl^O. Aii subsequent reads will be from the FIFO until 

SM^titir ebmmand is issued. 

gnU ' • o .il l- t 

in the Sensor Matrix Mode, the I^AM address bits AAA 
select oneof theS rows of the Sensor RAM. It the Al flag 
is set <Ai = 1), each successive read will be from the sub- 
sequent row of the sensor RAM. 



Read Display RAM 



Code: 






1 


1 


Al 


A 


A 







The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAfvl. If the Al 
flag is set (Al = 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-lnerement mode for 
both operations. 



Write Display RAM 



Code: 



Al 



The sets up theB279 for a write td'iMi) display RAM 
bf^nA wrKIng this command. After"WHling the com- 
mand with Ao=l, all* subsequent writes with Ao=0 will 
be to the Display RAM. The addressing and Auto- 
Increment functions are Identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, the Write Display RAM will,:.nevertheless, 
change the next Read location. 



Display Write IntitbWBIanking „,,. 

The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting the IW flag (IW = 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not aitect that I^Hgiigt^ .each nibble 
is input to a BCD dei^er, the CRU^ii^i write a digit to 
the Display RAM without affectin9ittffi|Q,ther digit being 
displayed. It is important to note that lit 6q corresponds 
toibit Do on the CPU bus, and that bit A3 corresponds to 
bit D7. 

If the user wishes tb blanK the dii^li^Tlw^L flags are 
available for eacit nibble. The last Gleween^nand issued 
determines the code to be used «a^"bt^Qlt." This code 
defaults to all zeros after a reset. N6](e.ti)at both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 



of «mj@i«Pli^i^<Mi4 tewiMeiBtable blanking code^lefe] 
lows: • - i^isodv^*; .:• ' . ■ 'o 

Cd Co Cd ' * ■ 

I ^ I nic u' ^O' -?. r; ■ 1.V > 

"^C'^"^'Mi-8r|l - Don't Care) " ' - ' 



10 AB = Hex 20 (0010 0000) 
1 1 All Ones 

— Enable clear display whifn'^l (OT'BDf ' 



During the time the Display RAM is being cieared (~160 ns), 
it may not be written to. The most significant bit of the 
FIFO status word is set during this time. When the Dis- 
play RAM becomes available again, it automatically 
resets. ,, 

If the Cf bit is asserted {Cp=1), the FIFO status Is 
cleared and the interrupt output line Is reset. Also, the 
Sensor RAM pointer is set to row 0. 

Ca, the Clear All bit, has the combined effect of Cq and- 
Cf, it uses the Cq clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronlzes 
the Internal timing chain. 

End IntamipVError Mode Set 



Code: 



1 


1 


1 


E 


X 


X 


X 


X 



For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until resell. 

For the N-I<ey rollover mode — if the E bit is programmed 
to "1" the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 

Status Word 

The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao is high and CS and> RD are low. See interface 
Considerations for more detail oh status word: 

Data Read 

Data Is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RO will cause the address 
Of the RAM being read to be incremented if the Auto- 
Irujre.rnent flag .is.fet- iF<f^O r^ac|5M?^^^e^§ ,tn<;r^ment .(if no 
error occurs) iridependent of A|^,.< ~ , 

Data Write 

^ta that is written with Ao, CS and WR low Is always 
Written to the Display RAM. The address is specified by the 
latest Read Display or Write Dis^J^.tsprnman.;^. Su^, 
Incrementirjg on the rising edge Q>r7WH'occi|rs if Xl l^'by 
the latest display command. ,1,, ■. 
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INTERFACE CONSIDERAtrO'NS 

Scanned K«yt>oard Mode, 2-Key Lockout 

There are three possible combinatipn; of conditions 
that can occur during debounce scanning. When a l^ey is 
depressed, the debounce logic is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
status of CNTLandSHIfT lines. Jf the FIFO was empty, 
IflQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If ail other 
keysare released before this one, then It will be entered 
to the FIFO. If this key Is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or lin what' order they were 
roteased. If two keys are depressed within the debounce 
cycle, It is a simultaneous depression. Neither key will 
be recognized until one key remains depressed aions. 
The last key will be treated as a single key depression. 

Scanned Keyboard Mode, N-Key Rollover 

With N-I(ey Rollover each key depression is treated 
independently from all others, Wtien a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO, Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO, If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 

Scanned Keyboard — Special Error Modes 

For N-key rollover mode the user can program a special 
error mode. This is done by the "End Interrupt/Error Mode 
Set" command. The debounce cycle and key-validity 
check are as in normal N-key rijodei ,lf during a single 
debounce cycle , two keys are founct- d^pressed, this is 
considered a simultaneous multl^lejiipwssion, and sets 
an error flag. This flag, will prevent ainy further writing into 
the FIFO and will set interrupt (if not yet set) The error flag 
opuld.be read in this mode by reading the FIFO STATtJS 
wbrdi tSee "FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Cf = 1. 

S«n^r,M|itrlx Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAIVI, In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sersor was closed and 
when it was released, A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group ':he sensors by row 
since this is the format in which the GPU will read them 
The IRQ line goes high if any sensor value change is 
detected at the end of asensormatrixscgn.The IRQ line is 
cleared by the first data read oiiffpion If the Auto- 



Increment' Allg l^»tjto zero, or by the End iinterrupi com- 
mand if Auto^imrament flag is set to one. 

Note: Multiple changes in the matrix Addressed by (SLq^ 
=0) may cause multiple Interrupts. (SLq=0 In the Decoded 
Mode) . Reset m^elm the 8279 to see multlple changes. 

Data Format , 

In the Scanned Keyboard mode, the ^cbataeter entered 
into the FIFO corresponds to the position of the switch 
In the keyboard plinrttre status of the P.NTL and SHIFT 
lines (non-Inverted). CNTL is the MSElafi the character 
and SHIFT Is the next most significant bit. The next 
three bits are from the scan courrtef-end indicate the 
row the key was f ound.ln. The last tiTf4e:biis ai^ from the 
column counter and ipj^at^tQ, which return line the key 
was connected. ■■' 



MSB 






LSB 


CNTL 


SHIFT 


1 1 
SCAN 

1 1 


1 1 

RETURN 
1 1 



SCANNED kEYBOARD DATA FORMAT 

Ih' Sensor Matrix mode, the data or> the return- lines -is 
entered direetly in the row of -ttif Sensor RAM that 
corresponds to the row in the matrix being scannedi 
Therefore, each switch postion maps directly to a Sensor 
RAM position.-TheSHiFT and CNTL inputs are ignored in 
this mode. Mote that switches are not necessarily the only 
thing that can. be conniected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter datfr^.the return line inputs. Eight multiplexed 
inpiit ports cdiiid be tied to the returniijjasABd'aieanned by 
the 8275. 



LSB 



RLe 



BLb 



RL4 RL3 RL2 



RL, 



In Strobed Input mode, the data is also entered to the FIFO 
from the return lines: The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also b6 used as a general purpose strobed 
input. , ....V, • 



E 



RLe RLs RL4 RL3 RLj RLi 



RLq [ 



Display J ' ' ■ • ■ *^ ' 

Left Entry 

Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 1 7th (9th) character is entered back 
in the left most posltjc;!} and filling again proceeds from 
there. -.ir.MitiM'iQ «< 1. .. 
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1 



1st entry 



1 

2nd entry l| 2 t 



16th entry 



17th entry 



18th entry 



1 



14 15* 



14 15 



14 15 

TsTie 



-Display 
. RAM 
Address 



LEFT ENTRY MODE 
(AUTO INCREMENT) 

Right Entry 

Right entry is the method used by most electronic 
calculators. The first entry is placec in the right most 
display character. The next entry is also placed m the right 
most character after the display Is shifted left one 
character. The left most character is shifted off the end 
and is lost. 



1st entry 



2nd entry 



3rd entry 



14 15 0-»Display 

1 I m RAM 



12 3 



13 14 15 



16th entry 1 2 



14 16 16 



14 15 



'^•Ifnh entry 

b6t).- It; 
18th entry 



2 3 

in 



15 1 



RIGHT ENTRY IHODE 
(AUTO INCREMENT) 

Note that now the display position and register address do 
not correspond Consequently, entermg a character to an 
arbitrary position in the Aulo Increment mode may have 
unexpected results. Entry starting at Display RAM address 
with sequential entry Is recommended. 

Auto Increment 

Iri the Left Entry mode. Auto Incrementing causes the 
address wtierf^Hie CPU will next wnf&tct^mcremented 
by Dne and the efiai'dct^r appears i#t iWSWdkt location. 
With noh-Auto Incremienting the-entry iSWlWto the same 
RAM address and display pesitlont B*ifry t^ an arbitrary 
address^tn the Auto Increment mode'<has-n6 undesirable 
side effects and the result is predictable: 

















•,. 











1 


2 


3 




5 '- S 


•7 




1st entry 


1 










' s , 




1 RAM 







1 


2 


3 


4 


5 


6 


7 




2nd entry 


1 


2 





















1 


2 


3 


4 


5 


6 


7 




Command 
10010101 


1 


2 




































Enter next at 


Location 5 Auto Increment 







1 


2 


3 


4 


5 


6 


7 




^li entry 

y- '- 


1 


2 








3 













1 


2 


3 


4 


5 


6 


7 




4th. entry 


1 


2 








3 


4 







LEFT ENTRY MODE 
(AUTO INCREMENT! 



In the Right Entry mode. Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except it the address sequence is interrupted: 



1 2 3 4 6 6 7 0- 



1st entry 
:! tinf> ir 

2pti entry 



^rrlmahd 
1001 0101 



3rd entry 



4th entry 



~ Display 
RAM 
Aildress 



2 3 4 5 6 7 1 



I S)l£ ■ • 



2 3 4 5 6 7 1 



12 



Enter next at Location 5 Auto Increment 
3 4 5 6 7 1 2 



1 2 



4 5 6 7 1 2 3 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Starting at an arbitrary location operates as shown below: 

1 2 3 4 6 6 7- 



Command 
10010101 



1 1 



- Display 
RAM 
Address 



Enter next at Location 5 Auto Increment 



^i i' ■)! y 

1sii«ntry .. -f 

^- , . "■I''^i ' ' 



1 2 3 4 5 6 7 



2 3 4 5 6 7 1 



:2nd entry 

8th entry 
9th .entry 



71^ 1 It .nt.-'e 9r: ' 
' 9i<i :e.i. 



>1' 80' 
■ ;'-ter. 



RIGHT ENTRY MODE 
(AUTO INCREMENT) 
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Entry app^s to be from the initial entry- point. 
8/16 Character Display Formats 

If the display mode is set to an 8 character display, the C" 
duty-cycle is double what it would be for a 16 charac: 
display (e.g., 5.1 msscan time for 8 characters vs. 10.3 ms 
■ftSr-16 bharactefs with 100 kHz interrtal'frequency). 

€L FIFO Status 

FIFO status Is used in the Keyboard and Strobed Input 
modes to Indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 

The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. .. ' 



In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure Indication 
is contained in the Sensor RAM. 

In Special Error Mode the S/E bit is showing the error flag 
and serves as an indication to whether a simultaheous 
multiple closure error has occurred. 

FIFO STATUS WORD 
X FIFO Full 





s/e| 1 u 


F 1 N 


N 


N 



IT 



_ Number of 
characters in FIF@i 

Error-Underrun 

— Error-Overrun 

— Sensor Clisufe/Error -Pt4g far 
Multiple Closures 

— Display unavailable , 

.■!'JV V^,"'J .»Lf.. 



APPLICATIONS 



S-BIT 
MICRO- DATA 
PROCESSOR BUS 
SYSTEM 



RO 



ADDRESS! 
BUS I 



BESET 



4z: 



RETURN 



KEYBOARD 
MATRIX 



8 COLUMNS 
8 ROWS 



SHIFT CNTL R^. 
INT 



lOR 

I 

lOW 

RESET 

CS 
C/D 
CLK„ 



°0-3 ^0-3 



3 — 8 DECODER 



SCAN LINES 



DECODER 



BLANK 
DISPLAY 



to 
to 



(DeOOOEO) 
OiaPLAV 
CHARACTERS 
DATA 

DISPUkV 



FIGURE Z GENERAL BLOCK DIAGRAM 
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Ambient Temperature 0°Cto70°C 

Storage Temperature -65°Ctol25°C 

Voltage on any Pin witli 

Respect to Ground -0.5V to +7V 

Power Dissipation 1 Watt 



Meailmum Ratings" may cause permanent damage to the 
device. This Is a stress rattrig'tmly iUHfiunottohal opir^ 
tlon of the device at these or any tHher eond^ns t^ve 
those indicated In the operetlomtlMeHom 9f this specif i- 
eatlon is notij^pf/(#3 ^S^posure to absolute m^sim/m 
rating conditl0mi0t 1 0ti»r>ded periods may affe& device 
reliability. 



D.C. CHARACTERISTICS Ta = o°c to 70°c vss = ov, Note 1 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


ViLl 


Input Low Voltage for Shift Control 
and Return Lines 


-0.5 


1.4 


V 




V|L2 


Input Low Voltage for All Others 


-0.5 


0.8 


V 




V|K1 


Input High Voltage for Shift, Control 
and Return Lines 


2.2 




V 




V|H2 


Input High Voltage for All Others 


2.0 




V 






Output Low Voltage 




0.45 


V 


Note 2 


VoH 


Output High Voltage on Interrupt 
Line 


3.5 




V 


Notes 


l|L1 


Input Current on Shift, Control and 

Return Lines 




+10 

-100 


HA 

mA 


ViN^Vcc 

V|N = ov 


l|L2 


Input Leakage Current on All Others 




±10 


mA 


ViN = Vcc to ov 


'OFL 


Output Float Leakage 




±10 


ma 


VouT = Vcc to OV 


Ice 


Power Supply Current 




m 







Notes: 

1 . 8279, Vcc = +5V i 5%; 8279-5, Vcc = ± 1 0%. 

2. 8279, lo L " 1 -SniA; 8279-5, Iq L = 2.2mA. 

3. 8279, loH = -lOOdA; 8279-5, Iqh = ^400mA. 



I 



CAPACITANCE 



SYMBOL 


TEST 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 


Cin 


Input Capacicint[e^ 


5 


10 


pF 


Vin=Vcc 


Cout 


Output Capacii^ij^|„"_ ' 


lOi 


20 


pB.:: 


V(iut=Vcc 
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A.C. CHARACTERISTICS iVAVV 

Ta = 0°C to 70°C, Vss = OV, (Note 1 ) 

BUS PARAMETERS k ! , 

READ CYCLE: 



Symbol 


Parameter 


8279 
Min. Max. " 


8279-5 
~' "NTinT" ' Max. 


Unit 


tAR 


Address Stable Before READ 


50 





ns 


tRA 


Address Hold Tine for READ 


5 





ns 


tRR 


READ Pulse Width 


420 


250 


ns 


tRD'=" 


Data Delay from READ 


300 


ISO 


ns 


tADl2l 


Address to Data Valid 


450 


250 


ns 


tDF 


READ to Data F'oating 


10 100 


10 100 


ns 


tRCY 


Read Cycle Time 


1 


-1 


MS 


WRITE CYCLE: 


Symbol 


Parameter 


8279 
Min. Max. 


8279-5 
Min. Max. 


Unit 


tAW 


Address Stable Before WR ITE 


50 





ns 


tWA 


Address Hold Time for WR ITE 


20 - 


•- 


ns 


tyvw 


WR ITE Pulse Width 


400 


250 . 


ns 


tow 


Data Set Up Time for WR ITE 


300 


150 


ns 


twD 


Data Hold Time for WRITE 


. 40 J 


^ 


ns 



1. 8279, Vcc = +5V ±5%; 8279-5, Vcc = +5V 1 1 0%. 
Z 8279, Cl = 1 0OpF; 8279-5, C l = 1 SOpF. 

OTHER TIMINGS: • „ 



Symbol 


Parameter 


8279 

Min. Max. 


8279-5 

Min. Max. 


Unit 




Clock Pulse Width 


230 


120 


nsec 


tCY 


Clock Period 


500 


320 


nsec 



Keyboard Scan Time: 5.1 msec . DIgit-on Time: ~ 480|isec 

Keyboard Debounce Time; 10.3 msec \ Blankinp Time: ISO^sec 

Key Scan Time: 80;usec Internal Clock Cy^cle: lOjusec 

Display Scan Time: 10.3 msec .., . . ..,^1 



INPUT WAVEFORMS FOR A.C. TESTS: 
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WAVEFORMS 



1. Read Operation 

■DC 



A«,« 



BATABUSw 
(OUTPUT) ^ 



\\\\\v\\\\\\\\\\\\\\V 



X 







= 


«R0 ► 





■Ai'ri gift). ■ 



\\high impedance 
■wwwwwwwv 



(SYSTEM'S 
ADDRESS BUS! 



(RE^IJCO 



2. Write Operation 



(SYSTEM'S 
ADDRESS Bt 



DATA BUS 
(INPUT) 



DATA 
MAY CHANGE 



3 ii.iW .o; tvtiir Qlci t 



(WRITE GONTROLI 



^ ■• DATA VALID ► ^ 



DATA 
MAY CHANGE 



3. Clocic Input 



1 !<3ibi;: 



is _^ \ . V 



-"cv- 
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8279 SCAN TIMING 



SCAN WAVEFORMS 



MCOOED 
SCAN 



lot 2' 



DECODED 
SCAN 



1 at at . a . -./' b^ra 



"1_ 



OlSPLAY WAVEFORMS 



\f BLANK \f 



Bo-Bj 
ACTPVe HIGH 



nL«-m.7 



ASSUME INTERNAL FilijXS&ICir^ took 

SO lev = 10^5 



w> 



X BLANK Y 



'BLANK CODE IS EITHER ALL 
O's ORALL 1'B OR 20 HEX 



H8 



« — M I u._CONDmON*L WRITE TO FIFO 
— *f W-HU 



)C 



BLANK 

cope- 



\ 



RLo RLi RLa RL3 RL* RLs RLo flL, RL^ RL, RL2 RL3 RL< RLs RLs RL7 



DC 



-Rl^aEteSTEDl LATCHED 



RETUm UMS ARE lAHPLED ONE ATATIMEASSHOWN. 



NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY 

SrSs ARE NOT SHOWN BUT THEVARESIMPLVSi DIVIDED BY 2 AND 4 
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8291 

GPIB TALKER/LISTENER 



■ Designed to Interface Microprocessors 
(e.g., 8080, 8085, 8086, 8048) to an 
IEEE Standard 488 Digital Interface 
Bus 

■ Programmable Data Transfer Rate 

■ Complete Source and Acceptor 

Handshake 

■ Complete Talker and Listener 
Functions with Extended Addressing 

■ Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

■ Serectable Interrupts ~ 

■ On-Chip Primary and Secondary 
Address Recognition 

■ Automatic Handling of Attdressing and 

Handshake Protocol 

■ Provision for Software Implementation 
of Additional Features ' 



■ 1- 8 MHz Clock Range 

■ 16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 

Function Control, Status, etc. 

■ Directly Interfaces to External Non- 
Inverting TraWR^iers for ConnecUen 
to the GPIB 

■ Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 

Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

■ DMA Handshake Provision Allows for 
Bus Transfers without CPU intervention 

■ Trigger Output Pin 

■ On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Mandling of MuJtiTB||eie.XRinSiei« 




The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors {e.Q., 8Q46, 
8080, 8085, 8086) to an IEEE Standard 4^ Instrumentation Interface Bus. It implements all of the Standard's Interface 
functions except for the controlJen „ 



PIN CONFIGURATION 



BLOCK OIAGRAM 



T/R1C 


1 


T/R2|: 


2 


CLOCK C 


3 


RESET C 


4 


trigC 


5 


DREOC: 


6 


dackC 


7 


est 


8 


rdC 


9 


vvrC 


10 


intC 


11 


DOC 


12 


DiC 


13 


D2C 


14 


D3C 


15 


D4C 


16 


D5C 


17 


D6C 


18 


D7C 


19 


vssC 


20 



8291 



35 2" 

34 30 



40 3VCC 

m □EOi 

;8 3N0AC 
:7 3NRFD 

e 3DAV 

^DIOS 

30107 
33t)Di(55 
32 3DI05 
31 3DI04 
30 3DI03 
29 3Dim 
28 3Dioi 
27 DSRO 
26 DATN 
26 3REN 
24 2lfc 
23 DRS2 
22 DRSI 
21 3RS0 




TO NON-INVERTING 
BUS TRANSCEIVERS 
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PIN DESCRIPTION 



%iiibot I/O Ptn No. 



.Cutietian 



D0-D7 I/O 12-19 Data bus part, fe be Gonneoted 

to microproees«i3r data bus. 

RS0-RS2 I 21-23 Register selecttinputs, to be con- 
nected to thre» non-multiplexed 
microprocessor address bus 
lines. Select which of the 8 in- 
ternal read (write 1 registers will 
be read from (written Intoi with 
the execution of RD (WR' 

CS I 8 Chip select. When low, enables 

reading Irom or writing into ttie 
register selected by RS0-RS2. 

RD I 9 Read strobe. When low, selected 

register contentsare read by the 
CPU. 

WR I 10 Write strobe. When low. data is 

written irito the selected register. 

INT [INT) 11 Interrupt request to the micro- 

processor, set high for request 
and clea»e*wten the appropri- 
ate register is accessed by the 
CPU. May be software config- 
ured to be active low. 

DREQ O 6 DMA 'ret|iaest,;normally fow, set 

high tBiiwdlcate byte output or 
byt a tnpp ti iffifiMA mode; reset 
by DA^ ! ■ *- 

PACK I 7 DMA aefcnowledge. When low, 

resets DREQ and selects data 
in/data out register for Df^A 
data transfer [actual transfer 
done by RD/WR pulse 1. 
Must be nigh if DfvIA is not used. 

TRIG O 5 Trigger output, normally low; 

generates a triggering pulse with 
1 ^sec m,n. width in response to 
the GET bus command er 
Trigger auxiliary command. 

CLOCK I 3 External clock input, used only 

for Ti delay generator. May be 
any speed in 1-8 MHz range. 

Beset I 4 Reset input. When high, forces 

the device into an "idle" (imtiali« 
zation) mode.-Thedevi&e will re- 
main at t'idl©" until released by 
the microprocessor. 

8-bit GPIB data port, used for 
bidirectional data byte transfer 
between 8291 and GPIB via non- 
inverting external fine trans- 
ceivers. 

I/O 36 Data valid; GPIB handshake 

control line. Indicates the avail- 
ability and validity of infor- 
mation on the DID lines. 



BiSt-DlCs i/0 28-35 



DAV 



Symbol J/O ,..tio Jto^ 



Function 



RrFo 



NDAC 



l/iS fST 



I/O 3S- 



Not ready for data; GPIB hand- 
shake control line. Indicates the 
condition of readiness of de- 
vice(s) connected to the bus to 

accept data. 

Not data accepted; GPIB hand- 
shake control line. Indicates the 
condition of acceptance of data 
by the device(s) connected to 

the bus. 

Attention; GPIB command line. 
Specifies ,how^ dftta oo DIO lines 
we to be intiirpreted. 

-.teterface clear; GPIB command 
line. Places the Interface func- 
tions in a known quiescent state. 

Service request; GPIB command 
line. Indicates) the need for 
attention and requests an Inter- 
ruption of the current sequence 
B0."> 1^?ITW ggO'^Si'fetents-otiHHe QPIB; - i- 



IFC 4- 



SRQ 



24 



.27 



EOl 



T/R1 



25 



I/O 39 



O 1 



T/R2 



O 2 



Vbc P.8. 40 

©NP(>,' P.S. 20. 



Remote enable; GPIB command 
line. Selects [in conjunction with 
other messages) remote or local 
control of the device. 

End or identify; GPIB command 
line. Indicates the end of a 
multiple byte transfer sequence 
or, in conjunction with ATM, 
addresses the device during a 
polling sequence 

External transceivers control 
line. Set high to indicate output 
data/signals on the DIOi-DlOa 
and DAV lines and input signals 
on the NRFD and NDAC lines 
(active source handshake). Set 
low to indicate input data/ 
signals on the DIOi-DlOe and 
. DAV lines and output signals on 
the NRFD and NDAC lines (ac- 
tive acceptor handshake'. 

External transceivers control 
line. Set high to indicate output 
signals on the EOl line. Set low 
to indicate expected Input signal 
on the EOl line during parallel 
poll. 

Positive power supply (5V + 
10%). 

- POitential gfound circuit. 



Note; All signals on the 82^1 pins are specified with positive logic. 
However, IEEE 488 specifies nBgatlwLlogic on its 1 8.«l,anal Un^.j1!)(i*iill«e 
data Is inverted once from Do^Dr to blOi-DtOs and non-finvertloa bus 
transceivers should be used. 
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8291 SYSTEM DIAGRAM 



MICROPROCESSOR SYSTEM BUS 



DMA r- 
CONTROLLER | 



8291 
GPIB 
INTERFACE 



NON INVERTING 

BUS 
TRANSCEIVERS 
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H 



GENERAL PURPOSE INTERFACE BUS 



THE GENERAL PURPOSE INTERFACE 

BUS (GPIB) 

The General Purpose Interface Bus GPIB - is defined m 
the IEEE Standard 488-1978 "Digital Interface for 
Programmable Instrumentation." Although a knowledge 
of this standard is assumed, Figure 1 provides the bus 
structure for qulcl< reference. Also, Tables 1 and 2 
reference the Interface state mnemonics and the interface 
messages respectively. Modified state diagrams for the 
8291 are presented in Pipperxlix A. 

GENERAL DESCRIPTION 

The 8291 is a microprocessor controlled device de- 
signed to interface microprocessors e.g., 8048. 8080, 
8085, 8086 to the GPIB. It implements all of the interface 
functions defined in the IEEE 488 Standard, if an imple- 
mentation of the Standard's Controller function is 
desired. It can be connected with an Intel® 8292 to form 
a comp1ete'lrtterfaoe(.' 

The 8291 handles communication betjveen a microproc- 
essor controlled device and the GPIB. Its capabilities in- 
clude data transfer, handshake protocol, talker/listener 
addressing procedures, device clearing and triggering, 
service request, and both serial and parallel polling 
schemes. In most procedures, it does not disturb the 
microprocessor unless a byte is w/aiting on input or a 
byte sent on output (output buffer empty). 

The 8291 archltiecturd Includes 1 6 ret%te^?Elght of tliese 
registers may be written Into by the microprocessor. The 
other eight registers may be read by the microprocessor. 
One each of these read and write registers is for direct data 
transfers. The rest of the write registers control the various 
features of the chip, while the rest of the read registers 
provide the microprocessor with a monitor of GPIB states, 
various bus conditions, and device conditions. 



DEVICE A 

ABLE TO 
TALK, LISTEN. 
AND 
CONTROL 
(ft.g. calculator! 



ABLE TO 
TALK AND 
LISTEN 

(e.g. digital 
multimeter) 



ONLY ABLE 
TO LISTEN 



ONLY ABLE 
TO TALK 



c 



c 



V- 



DATA BYTE 
TRANSFER 
CONTROL 



GENERAL 
INTERFACE 
MANABEHIiWT 



DAV t,- 

NRFD 

NDAC 

IFC 
ATN 
SRO 
REN 
EOl 



Figure 1. Interface Capabilities and Bus Structure. 
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GPIB Addressing 

Each device connected to the GPlSMuiiT'naveat least one 
address whereby the controller deyjce in charge of the bus 
can configure it to talk, listen.-o'r Serfd'status. An 8291 
implementation of the GPIB offers the user three 
addressing modes from which the device can be initialized 
for each application. The first of these modes allows for 
the device to have two separate primary addresses. The 



second mode allows the user to implement a single 
talker/listener with a two byte address (primary address + 
secondary address). The third mode again allows for two 
distinct addresses but in this instance, they can each have 
a twO'byte address. Howevisrr this mode requires that the 
secondary actdresses be passed to tbe microprocessorfor 
verification'. Jhe^ ttjree addressing schemes are des- 
cry^Q(j, in mprje: c^ail in the discussion of the Address 
registera^i,,^, p^,. ' 
- ^9 "oq IssCm 



TABLE t 
IEEE 488 INTERFACE 



MNEMONICS 



Mnemonic 


State Represented 


ACDS 


Accept Data State ' ' ' "■ 


ACRS 


Acceptor Ready State 


AIDS 


Acceptor Idle State 


ANRS 


Acceptor Not Ready State 


APRS 


Affirmative Poll Response State 


AWNS 


Acceptor Wait for New Cycle State 


' CACS 


Controller Active State ~] 


] CADS 


Controller Addressed State | 


1 CAWS 


Controller Active Wait 1 


1 CIDS 


Controller Idle State ■ ' 1 


1 CPPS 


Controller Parallel Poll State ' 


1 CPWS 


Controller Parallel Poll Wait State ' 


] CSBS 


Controller Standby Statej!^ ., 


CSNS 


Controller Service Not R§guesfed State | 


1 CSRS 


Controller Service Requ€isted State i 


1 CSWS 


Controller Synchronous Wait^State 1 


|_CTRS 


Controller Transfer State J 


DCAS 


Device Clear Active State 


□ CIS 


Device Clear Idle State 


DTAS 


Device Trigger Active State 


DTIS 


Device Trigger Idle State 


LACS 


Listener Active State 


LADS 


Listener Addressed State 


LIDS 


Listener Idle State 


LOCS 


Local State 


LPAS 


Listener Primary Addressed State 


LPIS 


Listener Primary Idle State 


LWLS 


Local With Lockout State 


NPRS 


Negative Poll Response Statp 



Mnemonic 



RAGS 
PPAS 
PPIS 
PPSS 

PUCS 

REMS 
RWLS 

SACS 

SDYS 

SGNS 

SIAS 

SIDS 

SIIS 

SINS 

SIWS 

SNAS 

SPAS 

SPIS 

SPMS 

SRAS 

SRIS 

SRNS 

SRQS 

STRS 

SWNS 

TACS 
TADS 
TIDS 
TPIS 



State ' Represented 



Parallel Poll Addressed to Configure State 

Parallel Poll Active State 

Parallel Poll Idle State 

Parallel Poll Standby State 

Parallel Poll Un^i^fsssed' to Configure State 

Remote State 

Remote With Lockout Statt 

System Control Active State 

Source Delay State 

Source Generate State 

System Control Interface Clear Active State 

Source Idle State 

System Control Interface Clear Idle State 

System Control Interface Clear Not Active State 

Source Idle Wait State 

System Control Not Active State 

Serial Poll Active State 

Serial Poll Idle State 

Serial Poll Mode State 

System Control Remote Enable Active State 

System Control Remote Enable Idle State 

System Control Remote Enable Not Active State 

Service Request State 

Source Transfer State 

Source Wait for New Cycle State 

Talker Active State 
Talker Addressed Statfe^ 
Talker Idle State ' ' ' 

Talker Primary Idle State 



The Controllerfunction is implemented on the Intel' 8292. ' 



9-85 



TABLE 2. 

IEEE 488 INTERFACE MESSAGE REFERENCE LIST 



Mnemonic Message Interface Functlon(s) 

LOCAL MESSAGES RECEIVED iBy interface Functions) 





net tn ^t?infih\/ 


c 


ist 


individual status 


PP 


ion 


li^tpn nnlv 


L, LE ' ' 


Ipe 


local poll enable 


PP 


nba 


new byte available 


StH 


pon 


power on 


SH.AH,T,TE,L,LE.SR,RL.PP,C 


rdy 


ready 


AH 


•rpp 


request parallel poll 


C 


* rsc 


request system control 


C 


rsv 


request service 


SR 


rti 


return to local 


RL 


•sic 


send interface clear 


C 


•sre 


send remote enable 


C 


•tea 


take control asynchronously 


c 


•tos 


take control synchronously 


AH, C 


ton 


talk only 


T.TE 



REMOTE MESSAGES RECEIVED 



ATN 
DAB 
DAC 
DAV 
DCL 


Attention 
Data Byte 
Data Accepted 
Data Valid 
PmSce Clear 


SH,AH,T,TE,L,LE,eP;C 

(Via L, LE) 

SH 

AH 

DC 


'1 ■■ tf-aoV. 


END 

GET 

GTL 

IDY 

IFC 


6nA. 

Group Execute Trlgasr 

Go to Local 
Identify 

Interface Clear 


(Via L, LE) 
DT 

RL 

L.LE.PP 
T,TE,L,LE,C 




■ - ' ' 'tZ ' 


LLO 
MLA 
MSA 
MTA 
OSA 


M-Lseal Lockout 

^ -r Wy'ldsten Address t.- 

fitil^iSeGondary Addi^oss 

•fl(M3*'fii»lk Address 

. -'©tlW Secondary Address 


RL 

L,LE,RL,T,TE 
TE.LE.RL 
T,TE,L,LE 
TE 




1 . 


OTA 
PCG 
tPPC 

T [PPD) 
tlPPEl 


' Other Talk Address 
Priflnary Command Group 
Parallel Poll Configure 
Pai'allel Poll Disable ' 
Parallel Poll Enable 


T, TE 

TE,LE,PP 

PP 

PP 

PP 


-.. / ■ r 


■•1 , 

. • ; --ail \ 
■J. i-. ''ar-. • 


•PPRn 
tPPU 
REN 
RFD 
RQS 


Parallel Poll Response N 
Parallel Poll Unconftsure 
Remote Enable 
f^eady for Data 
Request Service 


(via C) 
PP 
RL 
SH 

(via L, LE) 


- ■ . t- 


[SDC] 
SPD 
SPE 
*SQR 
STB 


Select Device Clear 
Serial Poll Disable 
;$9rt^ Poll Enable 
Service Request 
Status Byte 


DC 
T, TE 
T, TE 
(via C) 
(via L. LE) 


: '! ' 
: 1 


•TCT or [TCT] 
UNL 


Take Control 
Unlisten 


C 

L, LE 







•These messages are handled only by Intel's 8292. 

tUndeflned commands which may be passed to the microprocessor. 
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TABLE 2. (Cont'd) 
IE;EE 488 INTERFACE MESSAGE REFERENCE LIST 



Mnemonic 



Message 



" Interface Function(s) 



REMOTE MESSAGES SENT 



,!3U 



ATN 
DAB 
DAC 
DAV 
DCL 

END 

GET 

GTL 

IDY 

IFC 

LLO 

MLA or |MLA| 
MSA or IMSA] 
MTAor IMTAl 
OSA 

OTA 
PCG 
PRC 

[PPDl 

IPPEI 

PPRn 

PPU 

REN 

«FD 

RQS 

ISDCj 

SPD 

SPE 

SRQ 

STB 

TOT 
UNL 



Attention 
Data Byte 
Data Accepted 
Data Valid 
Device Clear 

End 

Group Execute Trigger 
Go to Local 

Identify . . 

Interface Clear 

Local Lockout 
My Listen Address 
My Secondary Address 
My Talk Address 
Otfier Secondary Address 

btMr Talk Address 
■pritnary Command Group 
Parallel Poll Configure 
Parallel Poll Disable 
Parallel Poll Enable 

Parallel Poll Response N 
Parallel Poll Unconfigure 
Remote Enable 
Ready for Data 
Request Service 

Selected Device Clear 
Serial Poll Disable 
Serial Poll Enable 
Service Request 
Status Byte 

Take Control 
UlnllBten 



C 

(via T, TE) 

AH 

SH 

(via T) 
(via Cl 
(via C) 
C 



(via C) 
(vj|[ G) 
(Via C) 
(viaC) 
(via C) 

(viaC) - 
(via C) 
(via C) 
ivra C) 
(via C) 

PP 

(via C) 
C 

AH 
T, TE 

(via C) 
(via C) 
(tttia Cl 
SR 

(via T, TE) 

(via C) 
(via-C) 



grwai y<j 







'All Controller messages must be sent via Intel's 8292. 



r 2?3P ; ; ' 



1301 ?>_''?i'.-~ 



9-87 



A bit-by-bit map of the 16 registers on the 8291 is 
presented in Table 3. A more detaiied explanation of each 
of these registers and their functions follows. The access 
of these registers by the microprocessor is accomplished 
by using the CS. RIJ, and RSo-RSz pins. 



Register 


es 


HP 


WR 


RS0-RS2 


v.lhu 


All Read Registers 








1 


ccc 




All Write Registers 





1 





ccc 




Don't Care 


1 


X 


X 


XXX 


Ui3 



TABLE 3. 8291 REGISTERS 



READ REGISTERS 



REGISTER SELECT 
CODE 



WRITE REeOTEnS 



BS2 RSI RSO 



DI7 


DIG 


DIB 


DU 


DI3 


DI2 


DM 


DIO 








D07 


DOG 


DOS 


D04 


003 


D02 


DDI 


ooo 








DATA IN 












■■ -.1 








DATA OUT 






OPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 





1 


CPT 


APT 


GET 


END 


DEC 


ERR 


80 


Bl 






INTERRUPT STATUS 1 














INTERRUPT ENABLE 1 






INT 


SPAS 


LLC 


REM 


SPASC 


LLOC 


REMC 


A DSC 





1 








DMAC 


DMAI 


SPASC 


LLOC 


REMC 


ADSC 






INTERRUPT STATUS 2 














INTERRUPT ENABLE 2 






88 


SRQS 


S6 


S5 


S4 


S3 


S2 


.SI 





1 1 


S8 


rsv 


S6 


S5 


S4 


S3 


S2 


SI 






SERIAL POLL STATUS 














SERIAL POLL MODE 






ton 


Ion 


EOl 


LPAS 


TP AS 


LA 


TA 


MJMN 


1 





TO 


LO 














ADM1 


ADMO 






ADDRESS STATUS 


















OE 




CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


CPTO 


1 


1 


CNTZ 


■tSSTI 


ONTO 


COM4 


cmi3 


corvi2 


COiM i 








COMMAND PASS TH ROUGH 














AUX MODE 


X 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


ADZ-O 


A01-0 


1 


1 


*m- 




DL 


AD5 




AD3 


AD2 


AD1 








ADDRESS 
















ADDRESS 0/1 






X 


0T1 


DL1 


AOS'I 


AD4'1 


AD3-1 


AD2-1 


ADM 


1 


1 1 


EC7 


EC6 


ECS 


EC4 


ECS 


EC2 


EC1 


ECO 



ADDRESS 1 



EOS 



Data Raglstora 



DI7 


Oil 


DIB 


OI4 


DI3 


DI2 


DI1 


DIO 


DATA-IN REGISTER (OR) 


D07 


D06 


DOS 


D04 


DOS 


D02 


D01 


DOG 



DATA-OUT REGISTER (OW) 

The data-in register Is used to move data from the GPI B to 
the microprocessor or to memory when the 8291 Is 



addressed to listen. Incoming information is separately 
latched by this register, and its contents are not destroyed 
by a write to the data-out register. The RFD i Ready for 
Data) message is held false until the byte is removed from 
the data in register, either by the microprocessor or by 
DMA. The 8291 then completes the handshake automati- 
cally. In RFD/DAV holdoff mode (see Auxiliary Register 
A), the handshalte Is not finished until a eommand Is sent 
tetling the 8291 to release the holdoff. In thie way , the same 
byte may be read several times, or an over anxious taiicer 
may be held off until ail available data has been processed. 
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When the 8291 is addressed to talk, it uses the data-out 
register to move data onto the GPIB. Upon a write to this 
register, the 8291 initiates and completes the handshake 
while sending the byte out over the bus. When the 



RFD/DAV holdoff mode is in effect, data is held until the 
release command Is issued. Also, a read of the data-in 
register does not destroy the Information In the data-out 
register. 



Interrupt Registers 



OPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 




OPT 


APT 


GET 


END 


DEC 


ERR 


BO 


Bl 


INTERRUPT STATUS r (1 R) 


INTERRUPT ENABLE 1 . 


INT 


SPAS 


LLO 


REM 


SPASC 


l.LOC 


REMC 


ADSC 










DMAO 


DMAI 


SPASC 


LLOC 


REMC 


ADSC 



INTERRUPT STATUS 2 (2R) 



INTERRUPT ENABLE 2 (2W) 



The 8291 can be configured to generate an interrupt to the 
microprocessor upon the occurrence of any of 12 
conditions or events on the GPIB. Upon receipt of an 
interrupt, the microprocessor must read the Interrupt 
Status registers to determine which event has occurred, 
and then execute the appropriate service routine ! if 
necessary). Each of the 12 interrupt status bits has a 
matclvtng' enable bit In the interrupt enable registers. 
Thesaenable bits are used to select the isvents that will 
cause the INT pinto be asserted.>Vtfr%liise'!logic "i" into 
any of these bits enables the o6rirea09rKiing interrupt 
status bits to generate an Interrupt. Bits In the Interrupt 



Status registers are set regardless of the states of the 
enable bits. The Interrupt Status registers are then 
cleared upon being read or when a local pon (power-on) 
message Is executed. If an event occurs while one of the 
Interrupt Status registers Is being read, the event is 
typically held until after its register is cleared' sMIiilMin 
placed in the register. ' 

The mnemonics for each of the bits in these registersand a 
brief description of their respective functions appears in 
Table 4. This table also indicates how each of the interrupt 
bits is set. 



TABLE 4. Interrupt Bife 



.-r , .10 

-T 31 5- 



Indicates Undefined Commands 
Setby (TPAS+ LPAS).SC§«A,CDS»MODE 3 

Set by DTAS 
Set by (EOS + EOI).LACS 
, Set by DCAS 

Set by TAeS»tlba»DAC«RFD 

TACS.(SWNS + SGNS) 
Set by LACS.ACDS 

Shows status of the INT pin 

The device has been enabled for a serial poll 

The device Is in locai lock out state. 

(LWLS+RWLS 

The device is in a remote state 
(REMS+RWLSl 



CPT 



APT 



GET 



END 



DEC 



ERR 



BO 



Bl 



INT 



SPAS 




An undefined command has been received. 

A secondary address must be K>assed through 
to the microprocessor for recognition. 

A group execute trigger has occurred. 

An EOS or EOl message has been received. 

Device Clear Active State has oeeuti^.: 

Interface error has occurred; no listener 
are active. 

A byte should be output.* 
A "j^tg.h^Jj^n.lnpjJt^ , , 



These are status only. They will not generate 
interrupts, nor do they have corresponding 
mask bits. 



SPAS_^SPAS 
LLO^NO LLO 
Remote Local 
Add resse^__^nadd resse d 



SPASC 



LLOC 



REMC 



ADSC 



Serial Poll Active State change interrupt.* 

Local lock out change interrupt. 
Remote/Local change interrupt. 



'See section on 82giA compatibility. 

'In ton (talkK>nly) and Ion (listenKinly) modes, no ADSC interrupt is generated. 
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The BO and Bl interrupts enable ttie user to perform data 
transfer cycles. BO indicates that a byte has been sent to 
the GPIB or the 8291 has been addressed to talk- A new 
data byte may be written Into the Da~a Out register. It is set 
by the occurrence of TAGS • i SWN£; + SONS . Hence, it is 
reset when a data byte is written into the Data Out register, 
when ATN is asserted on the GPIEl. or when the device 
stops being addressed to talk. Similarly, Bl is set when an 
input byte is accepted into the 8291 and reset when the 
microprocessor reads the Data In register. BO and Bl are 
also reset by port (power-on loeaJ message) and by a read 
of the Interrupt Status 1 register. However, if it is so 
desired, data transfer cycles may performed without 
reading the Interrupt Status 1 res^sier if all interrupts 
except for BO or Bl are enabled; BO and Bf will 
automatically reset after each byte Is transferred. 

If the 8291 is used without DMA, the 80 and Bl interrupts 
in?iy be enabled through the DREQ pin. The DIVIAO and 
bMAI bits in the Interrupt Enable 2 register would be the 
corresponding enable bits for this feature. Thus, imple- 
menting this feature, with BO and Bl enabled from the 
INT pin, allows for servicing of these interrupts without 
reading the Interrupt Status registers, ;. 

The ERR bit is set to indicate the bus error condition where 
the 8291 Is an active talker, tries sffnMQ a byte to the 
GPIB, but there are no active ltst#«eis'peiS[., all devices on 
the GPI6 are in AIDS). The loglcat tctwiValent of inba • 
TAGS • DAG • RFDi will set this bit. 

The DEC bit is set whenever DC AS h.as occurred. The user 
must define a known state to which all device functions 
will return in DCAS. Typically this state will be a power-on 
state. However, the state of the device functions at DCAS 
is at the designer's discretion. It should be noted that 
DCAS has no effect on the Interfs^fuMions which are 
returned to a known state by the IFC (interface clear) — 
message or the pon local message. 

The END Interrupt bit may be used by the microprocessor 
to detect that a multi-byte transfer has been completed. 
The bit will be set when the 8291 is an active listener 
I LACS and either EOS or EOl is received. EOS will 
generate an interrupt when the byte in the Data In regis- 
ter matches the byte in the EOS register. Otherwise the 
interrupt will be generated when a true input is detected at 
the EOl pin of the 8291. 

The GET interrupt bit is used by the microprocessor to 
detect that DTAS has occurred. It is set by the 8291 when 
the GET message is received while it is addressed to lis- 
ten. The' TRIG output pin of the 8291 is^'also asserted 
when the GET message Is received. Ttiiis, the basic — 
operation of the device may be started without involving '■ 
the microprocessor. 

The APT interrupt bit indicates to the processor that a — 
secondary address is available in the CRT register for 
validation. This interrupt will only occur if IVIode 3 
addressing is in effect. Refer :o the section on 
addressing.) In Mode 2, secondary addresses will be 
recognized on the 8291. They wrill be ignored in Mode 1. 



The CPT interrupt bit flags the occurrence of an unde- 
fined command and of all secondary commands follow- 
ing an undefined command. The Command pass 
through feature is enabled by the BO bit of Auxiliary 
regisi*'* ■ _ . . 

UDC= [UCG -f ACG(TADS«PPC . . ; , 

•f IJVDS«TCT)]«undefined«BO 

where: ; 
ACG — Addressed Command Group 
UCG — Universal Cottimand Group 
SCG — Secondary Command Group 

Any mes^ge not decoded by the 8291 not included in the 
state diagrams in Appendix Bi becomes an undefined 
command. Note from the logic equation that any 
addressed command is automatically ignored when the 
8291 is not addressed. 

Undefined commands are read by the GPU from the 
Command Pass Through Register of the 8291. Until this 
register is read, the 8291 will hold off the handshake (only 
if ths CPT feature is enabled I • • . > 

An especially useful feature of the 8291 is its ability to 
generate interrupts from state transitions in the interface 
functions. In particular, the lower 4 bits of the Interrupt 
Status 2 register, if enabled by the corresponding enable 
bits, will cause an interrupt upon changes in the follow- 
ing states as defined in IEEE 488: 

Bit ADSG change in LIDS or TIDS or MJMN 

Bit 1 PLC change in LOGS or REMS 

Bit 2 LLOC change in LWLS or RWLS 

Bit 3 SPASG change in SPAS 

The upper 4 bits of the Interrupt Status 2 register are 
available to the processor as status bits. Thus, if one of the 
bits 1-3 generates an interrupt indicating a state change 
has taken place, the corresponding status bit (bits 5-7i 
may be read to determine what the new state is. To 
determine the nature of a change in addressed status i bit 
0) the Address Status Register is available to be read. And 
finally, bit 7 monitors the state of the 8291 INT pin. 
Logically, it is an OR of all enabled interrupt status bits. 
One should note that bits 4-7 of the Interrupt Status 2 
Register do not generate interrupts, but are available 
only to be read as status bits by the processor. 

Bits 4 and 5 (DMAI, DMAO) of the Interrupt Enable 2 
Register are available to enable direct data transfers 
between memory and the GPIB, DMAI (DMA in) enables 
the DREQ (DMA request) pin of the 8291 to be asserted 
upon the occurrence of Bl. Similarly, DMAO (DMA out) 
enables the DREQ pin to be asserted upon the occurrence 
of BO. One might note that the DREQ pin may be used as 
a second interrupt output pin, monitoring Bl and/or BO 
and enabled by DMAI and DMAO. One should note that 
the DREQ pin is not affected by a read of the Interrupt 
Status 1 Register. It is reset whenever a byte is written to 
the Data Out Register or read from the Data In Register. 
To ensure that an interrupt status bit will not be cleared 
without being read, and.will not remain uncleared after 
beinjr'^tittfr the. ISflf^^lbnantt a special Interrupt 
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handling procedures. When an enabled Interrupt bit is 
set In fither p:f the Interrupt Status Ri^^iisters, the input 
of ^fie registers are blocl^ed until fie, set bit is read and 
re^t by the microprocessor, fhli^,' potential problems 
arWe when Interrupt status changes^white the register is 
being blocked. However, the 8291-stOres all new inter- 
rupts in a temporary register and transfers them to the 
appropriate interrupt Status Register after the interrupt 



has been reset. In the Interrupt Status 1 Register and in 
ADSC bit, this transfer takes place only if the eorrespon- 
•dlRB ^S .^weiei ^!i^r<as^zeroes. For the other status 
HchiiwtgA tttts in the'^liHi^rupt status 2 Register, the 
transfer will always take place. -However, even number 
Of changes In these status bits during blpoking time will 
cause; ,ir;,^rupt. 
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Serial Poll Registers 



S8 


SRQS 


S6 




S4 


S3 


S2 


SI 



SERIAL POLL STATUS (3R) 

The Serial Poll Mode Register is used to establish ttie 
status byte that the 8291 sends out on the G PI B data lines 
when it receives the SPE (Serial Poll Enable message. Bit 
6 of this register is reserved for the rsv ; request service) 
local message. Setting this bit to 1 causes the 8291 to 
assert its SRQ line, indicating its need for attention from 
the controller-in-charge of the GPIB. When service has 
been granted, the bit should be cleared by the 
microprocessor. The other bits cif': this register are 
available for sending status Information^^Ver the GPIB. 
Sometime after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 8291 to 



SERIAL POLL MODE (3W) 

talk. At this point, one byte of status Is returned by the 8291 
via the Seri^Ff^ltj^ife Register^ 

The Serial Poll Status Register is available for reading the 
status byte in the Serial Poll fVlode Register. The processor 
may check the status of a request for service by polling bit 
6 of this register, which corresponds to SRQS (Service 
Request State). When a Serial Poll Is conducted and the 
confroller-in-charge reads the status byte, the SRQS bit Is 
cleared. The SRQ line is tied to this bit; so that a request for 
service is terminated when tN^ SCSI'S Status byte is read. 
The rsv bit of the Serial Poll Mode Roister must then be 
cleared by the microprocessor. 



Address Registers 



tan 


Ion 


EOl 


LPAS 


TPAS 


LA 


TA 


MJMN 


ADDRESS STATUS (.4R) 


X 


DTO 


DLO 


ADS.O 


AD4.0 


AD3.0 


AD20 


ADl-0 


ADDRESS I6R) 


" 1 1 DL, 


AOS i 


AD4-1 


«D3r1 


AD2 1 


ADM 



ADDRESS 1 (7R) 



The Address Mode Register is used to select one of the five 
modes of addressing available on the 8291 . It determines 
the way in which the 8291 uses the information in the 
Address and Address 1 registers: 

— In Mode 1, the contents of the Address Register 
constitute the "Major" talker/listener address while the 
Address 1 Register represents the "Minor" tali<er/listener 
address. In applications where only one address is 
needed, the major talker/listener is used, and the minor 
talker/listener should be disabled. Loading an addres via 
the Address 0/1 Register into Address Registers and 1 
enables the major and minor talker/listener functions 
respectively. 

— In Mode 2 the 8291 recognizes two sequential address 
bytes: a primary followed by a secondary. Both address 
bytes must be received in order to enab e the device to talk 
or listen. In this manner, Mode 2 addressing implements 
the extended talker and listener functions as defined in 
IEEE 488. 



TO 


LO 














ADM1 


ADMO 


ADDRESS MODE (4W1 


ARS 


DT 


DL 


ADS 


A04 


ADS 


AD2 


AD1 



ADDRESS 0/1 (6W) 



LI;: : ■ 

.' • ir.' ii.M ; 

To use Mode 2 addressing the primary address must be 
loaded into the Address Register, and the Secondary 
address is placed in the Address 1 Register. With both 
primary and secondary addresses residing on chip, the 
8291 can handle all addressing>i«e(}u«nces without 
processor intervention. 

—In Modes, the 8291 handles addrMstng just as it does in 
Mode 1 , except that each Major or Minor primary address 
must be followed by a secondary address. All secondary 
addresses must be verified by the microprocessor when 
Mode 3 is used. When the 8291 is in TPAS or LPAS 
(talker/listener primary addresses state . and it does not 
recognize the byte on the DIO lines, an APT interrupt is 
generated (see section on Interrupt Registers i and the 
byte is available in the CRT (Command Pass-Through i 
Register. As part of its interrupt service routine, the 
microprocessor must read the CRT Register and write one 
of the following responses to the Auxiliary Mode Register: 

1. 07H implies a non-valid secondary address 

2. OFH implies a valid secondary address 
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Setting the "ton" bit generates the local ton talk-onlyi 
message and sets the 8291 to a talk-only mode. This mode 
allows the device to operate as a talker in an interface 
system without a controller. 

SAftifl'g the "Ion" bit generates the local Ion listen-only) 
message and sets the 8291 to a listen-only mode. This 
mode allows the device to operate as a listener In an 

interface system without a controller. 

The mode of addressing implemented by the 8291 may be 
selected by writing one of the following bytes to the 
Address Mode Register: ' " 



Register Contents 

10000000 
01000000 
11000000 
00000001 
00000010 
0000001 1 



1Mpde 

Enable talk only .rrietje itoni 
Enable listen only mode iloni 
The 8291 may talk to itself 
Mode 1, I Primary-Primary 
Mode 2 I Primary-Secondary 
Mode 3 I Primary/APT-Primary/APT) 



The Address Status Register contain 3 information used by 
the microprocessor to handle its own addiessing This 
information includes status bits that monitor the address 
state of each talker/listener, "ton" and "Ion flags which 
indicate the talk only and listen only states, and an EOl bit 
whioh, when set, signifies that t)3^^^Q Qiessage came 
witti the last data byte. LPAS and TPAS Indicate that the 
listener ol' talker primary address fiWIfeen received. The 
microprocessor can then use ttliese Wts when the 
secondary address is passed thfougft' to determine 
whether the 82$1 is addressed tO'-t?!* fir listen. The LA 
(listener addmssed) bit will be s«$_Wh!^ the 8291 Is in 
LACS (Listener Active State) 9F. in LADS (Listener 
Addressed Statei. Similarly, theTA (Talker Addressed bit 
will be set to indicate TAGS or TADS, but also to indicate 
SPAS iSerial Poll Active State . The MJIVIN bit is used to 
determine whether the information in the other bits 
applies to the Major or Minor talker/listener. It is set to "1" 
when the Minor talker/listener is addressed. It should be 
noted that only one talker/listener may be active at any 
one time. Thus, the MJMN bit will indicate which. If either, 
of the talker/listeners is addressed or active. 

The Address 0/T Register is used for specifying the 

device's addresses according to the format selected in 
the Address Mode Register. Five bit addresses may be 
loaded into the Address and Address 1 registers by 
writing into the Address O-'l Register The ARS bit is used 
to select which of these registers the other seven bits will 
be loaded into. The DT and DL bits may be used to disable 
the talker or listener function at the address signified by 
the other five bits. When Mode 1 addressing is used and 
only one primary address is desired, both the talker and 
the listener should be disabled at the Minor address. 

As an example of how the Address 0/1 Register might be 
used, consider an example where two primary addresses 
are needed in the device. The Major primary address will 
be selectable only as a talker and the Minor primary 
address will be selectable only as a listener. This 
configuration of the 8291 is formed by the following 
sequence of writes by the microprocessor; 



Operation 


CS 


RD 


WR 


Data 


RS2-RSa 


1. Select addressing Mode 1 





1 





00000001 


100 


2. Load major address into 
Address Register with 
listener function disabled. 





1 





001AAAAA 


110 


3t Load minpr address into 
Address 1 Register with 





1 





110BBBBB 


110; , 



At this point, the addresses AAAAA andBBBBB are stored 
in the Address and Address 1 registers respectively, and 
are available to be read by the microprocessor. Thus, it is 
not necessary to store any address information elsewhere. 
Also, with the information stored in the Address and 
Address 1 registers, processor intervention is not required 
to recognize addressing by the controller. Only in Mode3, 
where secondary addresses are passed through, must the 
processor intervene In the ad^resising s^qitence. 



G^tntnand Pass Through Regliitor^' 



CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPTl 


CPTO 



COMMAND PASS THROUGH (5R) 

the Cdmrnaha Pass Through RegMi^fi?lil^ to transfer- 
undefined 8-bit remote message codes from the GPIB to 
the microprocessor. When the CPT feature Is enabled 
(bit BO in Auxiliary Register B), any message not de- 
coded by the 8291 becomes an undefined command. 
When Mode 3 addressing is used secondary addresses 
are also passed through the CPT Register. In either 
case, the 8291 will holdoff the handshalte until the 
microprocessor reads this register and Issues the 
VSCMD auxiliary command. 

The CPT and APT interrupts flag the availability of 
undefined commands and secondary addresses in the 
CPT Register. The details of these interrupts are explained 
in the section on Interrupt Registers. 

"Ah added feature of the 6291 is its ability to handle 
^undefined secondary commands following undefined 
primaries. Ttius, the number bf available commands for 
future IEEE 488 definition ~i& increased; one undefined 
primary command folJowed by a sequence of as many as 
32 secondary comrnands cant^f processed. The liEEE-488 
Standard does not. pjefmitniaserSetto dsifJna their, own 
commands, bUt upgrades . of the standard are-tttu^ 
provided for. 

The recommended use of the 8291 's undefined command 
capabilities is for a controller-configured Parallel Poll. 
The PPG message is an undefined primary command 
typically followed by PPE, an undefined secondary 
command. For details on this procedure, refer to the 
section on Paraliei Poll ProldeiSI.'' " ' 



tor 
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4-Bit Code 



CNT2 


CNT1 


CNTO 


COM4 


COM3 


COM2 


COM1 


COMO 



' ' AUXM0bE (5W) 

■ 'CNTO-— 2:C0NTR0L BITS 
COMO— 4:C0UMANID BITS 

The Auxiliary Mode Register contains a three-bit control 
field and a five-bit command field. It Is used for several 

purposes on the 8291: 

1. To load "hidden" auxiliary registers on the 8291. 

2. To issue commands from the microprocessor to the 
8291. 

3. To preset an internal counter used to generate T1, 
delay in the Source Handshake furiction, as defined in 

IEEE 488. 

Table 5 summarizes how these tasks are performed with 
the Auxiliary Mode Register. Note that the three control 
bits determine how the five command bits are interpreted. 

TABLE 5 



CODE 




CONTROL 


COMMAND 


COMMAND 


BITS 


BITS 




■ 000 


occcc 


Execute auxiliary command 

ccce 


001 


OFFFF 


Preset Internal counter to 
match external clock 
frequency of FFFF MHz 
FFFF - binary representation 
of 1 to 8 MHz) 


100 


DDDDD 


Write DDDDD intb auxiliary 

register A 


101 


ODDDD 


Write DODD intb auxiliary 

register B 


oil 


USP3P2P1 


Enable/disaDle parallel poll 
either in response to remote 
messages (PPC followed by 
PPE or PPD) or as a local 
Ipe message. (Enable if U = 0, 
disable if U= 1.) 



AUXILIARY COMMANDS 

Auxiliary commands are executed by tie 8291 whenever 
OOOOCCCC is written into the Auxiliary Mode Register, 
where CCCC is the 4"bit command (Me 



4-Bit Code 



0000 



Description 



Immediate Execute pon — This command re- 
sets the 8291 to a power up state (local pen 
message as defined in IEEE 488). 
ThfefoUowfrig conditions constitute the power 
up state: 

1. All talkers and listeners are disabled. 

2. No interrupt status bl^i^ seL 



0010 



0011 



0100 



0101 



0110 



0111, 1111 



0001, 1001 



Description 



The 8291 is designed to power up in certain 
slates as specified in the IEEE 488 state dia- 
grams. Thus, the following states are in effect 
in the power up state: SIDS, AIDS, TIDS, LIDS, 
NPRS, LOCS, and PPtSfe.- ^ 

The "0000" pon is an immediate execute 
command (a pon pulse). It is also used to 
release the "initialize" state getiei'dlbd by 
either an external reset pulse or thecpfleno" 
Chip Reset command. 

Chip Reset (Initializei — This command has 
the same effect as a pulse applied to the Reset 
pin. (Refer to the section on Reset Procedure.) 

Finish Handshake — This command finishes a 
handshake that was stopped because of a 
holdoff on RFC or DAV. (Refer to Auxiliary 
Register A. ■ 

Trigger — A "Group Execute Trigger" is 
forced by this command. It has the same effect 
as a GET command issued by the controller- 
in-charge of the GPIB, but does not cause a 
GET interrupt. 

rt|f — This command corresponds to the local 
rtl message as defined in IEEE 488. The 8291 
will go to a local state if local locl^out is not in 
effect. 

Send EOl — The EOl line of the 8291 may be 
asserted with this command The command 
causes EOl to go true with the next byte trans- 
mitted. The EOl line is then cleared upon com- 
pletion of the handshake for that byte. 

Non-yalid/y5ilid Secondary jAdtoss or 
Comrfiand' (VSCMd) -- Th'rs '&mmaritl in- 
forms the 8291 that the secondary address re- 
ceived by the microprocessor was valid or 

invalid iOIII - invalid, 1111 -validi. If Mode3 
addressing is used, the processor must field 
each extended address and respond to it, pr 
the GPIB will hang up. Notiithat'#*Scrfi«6l3Wl 
is the invalid/valid flag. 

The valid (1111) commanS^'i^nised f6%n 
the 8291 to continue from the command-pass- 
through state (immediate execute command). 

Parallel Poll Flag (local "ist" message) — This 
command sets (1001) or clears (0001 j the 
parallel poll flag. A "1" is sent over the 
assigned data line, (PPRTParallel PoU Re- 
sponse true) only if thp ,Rai^(^l poll tlag 
matches the sense bit #o«i ttle Ipe local 
message (or indirectly from the PPE mess- 
age). For a more complete description of the 
Parallel Poll features and procedures refer to 
the section on Parallel Poll Protocol. 



tSee section on 8291A compatibility. 
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INTERNAL COUNTER 

The internal counter determines the delay time allowed 
for the settling of data on the DIO lines. This delay time 
is defined as T, in IEEE 488 and appears in the Source 
Handshake state diagram between SDYS and STRS. As 
such, DAV is asserted T, after the DIO lines are driven. 
Consequently, T, is a major factor in determining the 
data transfer rate of the 82^1.^^gver the GPIB 
(Ti = TWRDV2-TWRD15I. 

When open-collectortransceivers are used for connection 
to the GPIB, Ti is defined by IEEE! 488 to be 2^560. By 
writing 0010FFFF into the Auxiliary Mode Register, the 
counter is preset to match a fc MHz clock input, where 
FFFF is the binary representation of Np 1<Nf£8, 
Nf=(FFFFi21. When Nf = fc, a 2y.sec Ti delay will be 
gonjerated before each DAV assert^^. 

■'■lo,sec)= f^'^+tsVNC . 1<Nf<8|^ 

ISYNp is a :synch,ronlzatlofi error, gtfsa^P.'han zero and 
smalter than the larger of T clock high: anxt T clock low. 
tR(^-a 50% duty cycle clock, tsYNC iS'less than half the 
clock cycle I. 

If it is necessary that Ti be dlffdnsntlrem 2^sec, Nf may 
be set to a value other than fc. In ttti$ psniier, data transfer 
rat^ may be programmed for a g^(i^.^stem. In small 
for':e!»tample, where trar^er ^es exceeding 
GPliB specifications are required, one mfftset Nf < fc and 
decrease Ti. 

When tri-state transceivers are ijsedi 488 aNows a 
higher transfer rate i lower Ti i. Use of the 8291 with such 
transceivers is enabled by setting B2 in Auxiliary Register 
B.ln this caset setting Nf = fc causes a Ti delay of 2Msec to 
be generated, for the first byte transmitted — all 
subseque(it Jiytfes wfll have a delay, of 5^ nsec. 

lev*'."! 

TiiHigh Speedi jttsee = ^ +tsVN6 ' 

2fc I V 

Thus, setting = i using a 8 MHz cisiefc w;i|l generate for a 
50% duty cycle clock (tsYNc<63 nsec): 

TicHS) = 0.063 = 125 nsec max. 



AUXILIARY REGISTER A 

Auxiliary Register A is a "hidden" 5-bit register which is 
used to enable some of the 8291 features. Whenever a 
100 A4A3A2A1A0 byte is written into the Auxiliary Register, 
it is loaded with the data A4A3A2A1A0. Setting the 
respective bits to "1" enables the fdltdwiitil features: 

Ao — RFD/DAV Holdoff on all Data: If the 8291 is listening, 
RFD will not be sent true until the "finish handshake" 
auxiliary command is issued by the microprocessor. If the 
8291 is talking, DAV is not sent true until the "finish 
handshake" command is given. In both oases, the holdoff 
will be in effect for each data byte. 

Ai — RFD/DAV Holdoff on End: This feature enables the 
holdoff on EOi or EOS (if enabled). However, no holdoff 
will be in effect on any other data bytes. 



A2 — End on EOS Received: Whenever the byte in the Data 
In Register matches the byte in theJ|OS Register, the End 
interrupt bit will be, set In the Jnterrupt^atus 1 Register. 

A3 — Output EOI on EOS Sent: Any occurrence of data in 
the Data Out Register matching the EOS Register causes 

the EOI line to be sent true along with the data. 

A4 — EOS Binary Compare: Setting this bit causes the 
EOS Register to function as a full 8-bit word. When it is not 
set, the EOS Register is a 7-bit word (for ASCII 
characters I. 

If Ao = Ai = 1 , a special "continuous Acceptor Handshake 
cycling" mode is enabled. This mode should be used only 
in a controller system configuration, where both the 8291 
and the 8292 are used. It provides a continuous cycling 
through the Acceptor Handshake state diagram, requiring 
no local messages from the microprocessor: the rdy local 
message is automatically generated when in ANRS. As 
such, the 8291 Acceptor Handshal<e serves as the 
controller Acceptor Handshake. Thus, the controller 
cycles through the Acceptor Handshake without delaying 
the data transfer in progress. When the tcs local message 
is executed, the 8291 is taken out of the "continuous AH 
cycling" mode, the GPIB hangs up in ANRS. and a 81 
interrupt is generated to indicate that control may be 
taken. A simpler procedure may be used when a "tcs on 
end of block" is executed; the 8291 may stay in 
"continuous AH cycling". Upon the end of a block 1 EOI or 
EOS received 1, a holdoff is generated, the GPIB hangs up 
in AI^RS, and control may be taken. 



AUXILIARY REGISTER B 

Auxiliary Register B is a "hidden" 4-bit register which is 
used to enable some of the features of the 8291. Whenever 
a 1OIOB3B2B1B0 is written into the Auxiliary Mode 
Register, it is loaded with the data BaBjBiBo. Setting the 
respective bits to "1" enables the following features: 

Bo — Enable Undefined Command Pass Through: This 
feature allows any commands not recognized by the 8291 
to be handled in software. If enabled, this feature will 
cause the 8291 to holdoff the handshake when an 
undefined command is received. The microprocessor 
must then read the commandj from the Coenmand Pass 
Through Register and sefSa'^f!S"VSCMO auxiliary 
command. Until the VSGMD command is sent, the 
handshake holdoff will be in effect. 

Bi — Send EOI in SPAS: This bit enables EOI to be sent 
with the status byte; EOI is sent true in Serial Poll Active 
State. Otherwise, EOI is sent false In SPAS. 

82 — Enable High Speed Data Transfer: This feature may 
be enabled when tri-state external transceivers are used. 
The data transfer rate is limited by Ti delay time 
generated in the Source Handshake function), which is 
defined according to the type of transceivers used. When 
the "high Speed" feature is enabled, Ti = 2 microseconds 
is generated for the first byte transmitted after each true to 
false transition pf ATN. For all subsequent bytes, Ti = 500 
nanoseconds. Refer to the Internal Counter section for an 
explanation of Ti duration as a function of Bzand of clock 
frequency. 
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B3 — Enable Active Low Interrupt: Setting this bit causes 
the polarity of the INT pin to be reversed, providing an 
output signal compatible with Intel's MCS-48"'. Interrupt 
registers are not affected by this bit. 

PARALLEL POLL PROTOCOL 

Writing a OIIUSP3P2P1 into the Auxiliary Mode Register 
will enable (U = 0) or disable (U = 1) the 8291 for a parallel 
poll. When U = 0, this command is the "Ipe" (local poll 
enable) local message as defined in IEEE 488. The "S" bit 
is the sense in which the 8291 it8.<enaj^led; only if the 
Parallel Poll Flag ("ist" local message) matches this bit 
will the Par allel Po ll Response, PPRn, be sent true 
@eisponse=S® ist). The bits P3P2P1 specify which of 
the eight data lines PPRn will be.serit over. Thus, once 
the ^1 has been configured for Parallel Poll, whenever 
It senses both EOl and ATN true, it will automatically 
eompare its PP flag with the sense bit' ahd send PPRn 
true or false according to the comparison. 

If a PP2' implementation is desirea, the "Ipe " and ' ist" 
local messages are all that are needed. Typically, the user 
will configure the 8291 for Parallel PdII immediately after 
initialization. During normal operation the micro- 
processor will set or clear the Parallel Poll Flag (ist) 
according to the device's need for service. Consequently 
the 8291 will be set up to give the proper response to IDY 
(EOl • ATN) without directly involving the micropro- 
cessor. 

It a PP1' implementation is desired, the undefined 
command features of the 8291 must oe used. In PP1, the 
8291 is indirectly configured for Parallel Poll by the active 
contrgller on the GPIB. The sequence at the 8291 being 
enabled qr disabled remotely is as fpl)bii«s'' 

^.i^Wm'PPG mttssage fs received imd4»tt»ded into the 
Oommand Pass Through Register W an undefined 
conwnand. A CPT interrupt is sent to the microproc- 

^^istet, the handshake is automatlc^ty tttaild off. 

2. The microprocessor reads the CPT Register and sends 
VSCMD to the 8291, releasing the handshake 

3. Having received an undefined primary command, the 
8291 is set up to receive an undefined secondary com- 
mand (the PPE or PPD message). This message is also 
received into the CPT Register, the handshake is held 
off, and the CPT interrupt is generated. 

4. The microprocessor reads the PPE or PPD message 
and writes the command into the Auxiliary Mode 
Register (bit 7 should be cleared first). Finally, the 
microprocessor sends VSCMD and the handshake is 
released. 



*As defined in IEEE Standard 488. 



End of Sequence (EOS) Register 



EC7 


EC6 


EC5 


EC4 


EC3 


EC2 


ECl 


ECO 



The EOS Register and its features offer' an alternative ts 
fhe*Send EOl" auxiliary command. A'setfen or eiffHt 'bit 
byte ( ASe)l<if1iij^»i^njeifbepla^ irrthe register to flag 
the end of a'Bf^'W' felfi. TFie type of EOS byte f6 be used 

is selected in Auxiliary Register bit A4. 

If the 8291 is a listener, and the "End on EOS Received" is 
enabled at bit A2, then an End interrupt is generated in the 
Interrupt Status 1 Register whenever the byte in the Data- 
in Register matches the byte in the EOS Register. 

If the 8291 is a tali(er, and the "Output EOl on EOS Sent" is 
enabled at bit A3, then the EOl line is sent true with the 
next data byte whenever the contents of the Data Out 
Register match the EOS register. 



Reset Procedure 

The 8291 is reset to an initialization state either by a 
pulse applied to its Reset pin, or by a reset auxiliary 
command (02H written into the Auxiliary Command 
Register). The following conditions are caused by a 
reset pulse (or local reset command): 

1 . A "pon" local message as defined by IEEE 488 is held 
true until the initialization state is released, 

2. The Interrupt Status Registers are cleared (not 
Interrupt Enable Registers). 

3. Auxiliary Registers A and B are cleared. 

4. The Serial Poll Mode Register is cleared. 

5. The Parallel Poll Flag is cleared. 

6. The EOl bit in the Address Status Register is cleared. 

7. Np in the Internal Counter is set to 8 MHz. This set- 
ting causes the longest possible t, delay to be 
generated in the Source Handshake (16 iisec for 1 
MHz clock), , : ■.• 1 

8. The rdy local message is sent. 

The initialization state is released by an "immediate ex- 
ecute pon" command (OOH written Into the Auxiliary 
Command Register). 

The suggested initialization sequence is: 

1. Apply a reset pulse or send the reset auxiliary 
command. 

2. Set the desired initial conditions by writing into the In- 
terrupt Enable, Serial Poll Mode, Address Mode, 
Address 0/1, and EOS Registers. Auxiliary Registers A 
and B, and the internal counter should also be 
initialized. 

3. Send the "immediate execute pon" auxiliary command 
to release the initialization state. 

4. If a PPa Parallel Poll implementation is to be used the 
"Ipe" local message may be sent, enabling the 829^ 
for a Paral^ Petl|.le8P^)S»a!>n an assigned line. (Refer 
to the se^on ert WttWU Pail Protocol.) 
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The 8291 may be connected to the Intel* 8237 or 8257 
DMA Controllers for DMA operation. The DREQ pin of 
the 8291 requests a DMA byte trai^fer from the 8237. It 
Is set by BO or BI flip flops, en^t^ ^:the DMAO and 
DMAI bits In the Interrupt Enable 2 Register. (After read- 
ing, the INT1 register BO and BI interrupts will be 
cleared but not BO and BI In DREQ equation.) 

The DACK pin is driven by tfie Ql'SI in response to the 
DMA request. When DACK is true (active low) it sets CS = 
RSO= RSI = RS2 = such that the RD and WR signals 
sent by the 8237 refer to the Data In and Dat a Out Regis- 
ters. Also, the DMA request line Is reset by DACK. 

DMA input sequence: 

1. A data byte is accepted from the GPIB by the 8291. 

2. A BI interrupt is generated and DREQ is set, 

3. DACK is asserted by the 8237 and DREQ is reset. 

4. RD is driven by the 8237 and the contents of the Data 
In Register are transferred to MCS™ bus. 

5. The 8291 sends RFD true on the GPIB and proceeds 
with the Acceptor Handshake protocol. 

DMA output sequence: 

1. A BO interrupt is generated (indicating that the Data 
Out Register is empty) and DREQ is asserted. 

2. DACK is asserted by the 8237 and DREQ is reset. 

3. WR is driven by the 8237 and a byte is transferred from 
the MCS bus into the Data Out Ulster. 

4. The 8291 sends DAVtrueon thg GI^IBand proceeds with 

the Source Handshake protocol. 

It should be noted that each time the device is addressed, 
the Address Status Register should be read, and the 8237 
should be Initialized accordingly. (Refer to the 8237 or 
SWiData Sheets.) 

System Configuration 

Microprocessor Bus Connection 

The 8291 is 8080, 8048, 8085. 8088, and 8086 compatible. 
The three address pins RSo, RSi, RS2 should be 
connected to the non-multiplexed address bus (for 
example: Ae, A9, A10). In case of S€^, sany address lines 
may be used. 

External Transceivers Connection 

The 8293 GPIB Transceiver interfaces the 8291 directly to 
the IEEE-488 bus. The 8291 and twD 8293's can be con- 
figured as a talker/listener (see Figure 2) or as vi/ith the 
8292 as a talker/listener/controller (see Figure 3). Ab- 
solutely no active or passive external components are re- 
quired to comply with the complete IEEE-488 electrical 
steplflcatlon. 



Intel will be improving the 8291 by manufacturing an 
8291A. To maintain software compatibility betw^|tn the 
8291 an^ the 8291A, the following precautions should 
be talcen In the 8291 software: 

1. 80 interrupt indicates that the 8291 is ready to talk 
and needs a byte to output via the source handshake. 
The software should ensure that BO is true before 
writing a byte to the Data Out Register (even for the 
fUst^^e after being acldrasSed to'MIO- 

2. SPASC interrupt should not be used during a Serial 
Poll sequence to determine when the Status Byte has 
been issued after a Servievflieqqesti ■ 

Before setting rsv, SPAS In regjsti^S sli^uldbe zero. 
After setting rsv, the processor st),Q^tcl<pol I the SRQS 
bit in register 3, and when tt iseh^^i^fw Status Byte 
has been issued. The processor should then write an 

rsv local message clearing rsv. 

The definition of the SPASC interrupt will change in 
.; .;^e 8291 A. SPASC (Serial Poll Active State Change) in 
the 8291 is set by a transition into or out of SPAS. 
SPASC (Serial Poll Active State Complete) in the 
8291A will be set only by the actual transfer of a 
St|(tvffi Byte, (^PgSxSTRSxSPAS). 

3. The 8291 rtl local message is set by the rtl Auxiliary 
Command and is cleared automatically by the 8291. 
The 8291A will have a Set rtl Auxiliary Command 
(1 101) and a Clear rtl Auxiliary Command (0101). Thus, 
the 8291 programmer should write a Set rtl Auxiliary 
Command follb\Med by a Clear rtl AtixMary Comnian''d 
which wiHchave-the effe#|«f wl^pgi^ gsnseeutive 
rti commands. j,.- !^ . 5^1 t 

4. User's software can distinguish between the:S291 
and the 8291A as follows: 

a) pon (OOH to register 5) 

b) RESET (02H to register 5) 

c) Read Interrupt Status Register 1. If BO interrupt Is 
set, the device Is the 8291. If BO Is clear, it is the 
8291 A. 

This can be used to set a flag in the user's software 
which will permit special routines to be executed for 
each device. It could be included as part of a normal 
initialization procedure as the first step after a chip 
reset. 

The 8291A will be a significant improvement over the 
8291. Users should plan to convert to this product when 
it is available. 
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DEVICE ELECTRICAL CHARACTERISTICS 

D.C. CHARACTERISTICS 

Ta = 0°C to 70°C; Vcc = 5V ± 10% 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


ViL 


Input Low voltage 


- ^' . 5 


0,8 


V 




VIH 


Input High Voltage 


o 


vcc ' u.o 


w 

V 




Vol 


Output Low Voltage 




0.45 


V 


IOL=2nnA i4mA for TR1 pin) 


VOH 


Output High Voltage 






V 


iOH =-400|uA i-150mA forSRQpini 


VOH-INT 


Interrupt Output High Voltage 


2.4 




V 


Ioh=-400;jA 






3.5 




V 


IOH=-50fxA 


IlL 


Input Leakage 




10 


mA 


VlN=«V to Vcc 


Ilol 


Output Leakage Curri3nt 




-10 


/iA 


VoUT=0.45V 


Iloh 


Output Leakage Current 




10 


mA 


V0UT=VCC 


Ice 


Vcc Supply Current 











A.C. CHARACTERISTICS ^ 

Vcc = 5V + 10%, Commercial: Ta = 0»C t6 TCC 



Symbol 


Parameter 


Min. 


Max. 


Unit 


tAH 


Address Stable Before READ 







nsecli 


tRA 


Address Hold After fliA& ' 







nsecii 1 


tRfl 


READ width 


140 




nsec'^l 


tAD 


Address Stable to Data Valid 




250 


nsecl'' 1 


tRD 


READ to Data Valid 




100 


nsecl^l 


tRDF 


Data Float After RTSI) 


o 


6012I 


nsec 


tAW 


Address Stable Before WRITE 


o 




nsecli 1 


tWA 


Address Hold After WflHYi 









tww 


WRITE Width 


170 




na^r^MT-^' 


tow 


Data Set Up Time to the Trailing 
Edge of WRITE 


150 




nsecl'' 1 


tWD 


Data Hold Time After 'WRITE 







nsec 111 


tAKRO 


DACK: to DREQI 




130 


nsec 


tOKDA6 


DACKl to Up Data Valid 




200 





Notes: 

1. 8080 System Cimax = 100pF; Ctmin = 16pF; 3 UHz clock. 

2. 8085 System Cl = 150pF; 4 MHz clock. 
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TIMING WAVEFORMS 



READ 



t 



DATA BUS . 
(DATA OUtI 



! ^ VALp DATA ^ 



11-1 f-jl 

1.' li 



WRITE 



DMA 



es/RSi 



3: 



□ATA BUS 
(DATA INI 



DATA MAY CHANGE 



^ *WD H 

^ VALID DATA 



DATA MAY CHANGE 
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GPIB TIMINGS ' 



Symbol 


Parameter 


Max. 


Unit 


Test Conditions 


TE0T13 


ECiii to TRit 


135 


nsec 


PPSS, ATN=0.45V 


TEODI6 


EOll to dTo Valid 


155 


nsec 


PPSS. ATN=0.45V 


TEOT12 


EOll to TR11 


155 


nsec 


PPSS, ATN=0.45V 


TATND4 


ATNl to NDACl 


155 


nsec 


TAGS, AIDS 


TATT14 


ATNl to TR11 


155 


nsec 


TAGS, AIDS 


TATT24 


ATNI to TH21 


155 


nsec 


TAGS, AIDS 


TDVND3-C 


DAVI to NDACl 


650 


nsec 


AH, CACS 


TNDDV1 


NDACl to DAVI 


350 


nsec 


SH. STRS 


TNRDV2 


NRFDI to DAVI 


350 


nsec 


SH, T1 True 


TNDDR1 




400 




SH 


TDVDR3 


DAVI to DREQt 


600 


nsec 


AH, LACS, ATN=2.4V 


TDVND2-C 


DAVI to NDACl 


350 


nsec 


AH, LACS 


TDVNR1-C 


DAVI to NRFDt 


350 


nsec 


AH, LACS, rdy=True 


TRDNR3 


RDi to NRFDt 


500 


nsec 


AH, LACS 


TWRDI5 


WR to DTO Valid 


250 


nsec 


SH, TAGS, RS = 0.4V 


TWRDV2 


WRt to 


830 + tSYNC 


nsec 


High Speed Transfers Enabled, 

HF = fc, tSYNC = 1/2-fc 



Notes; 

1. All GPIB timings are at the pins of the 8^1 



iJi.'A 1* . - 

/ 



/ 



yl.. • - 



9-99 



8291 



Appendix A 



MODIFIED STATE DIAGRAMS 

Figure A.I presents the interface function state diagrams. 
It is derived from IEEE Std. state di«|p'ams, with the 
following changes: 

A. The 8291 supports the complete set of IEEE-488 
interface functions except for the controller. These 
include: SHI. AHI.TS, TE5. L3i4.eSrSR1VRL1, PP1, DC1, 
DTI, and CO. 

B. Addressing modes included Irr T,L istate diagrams. 

Note that in Mode 3, MSA, OSA are generated only after 
secondary address validity check by the microprocessor 

(APT interrupt), 

C. In these modified state diagrams, the IEEE-488 con- 
vention of low true logic is followed. Thus, DAV is log- 



ically true at <0.8V and is equivalent to pin 36 on the 
8291. 

D. All remote multiline messages decoded are condi- 
tioned by ACDS. The multiplicatfian-by -AGDS is not 
drawn to simplify the diagrams. 

E, . The symfeol 

X 



indicates: 

1. When event X occurs, the functidA Will return to 
state S. . . _ ^ 

2. X overrides any other transition condition in the 

function. 

Statement 2 simplifies the diagram, avoiding the explicit 
use of X to condition all transitions from S to other states. 




ATN + F1 
IWtTHIN t2l 



F1 -TACS»SI"AS 



fJRFB 




•THIS TRANSITION WILL NEVER 
OCCUR UNDER NORMAL OPERATION. 

^Tdelay is about 300 MS 
FOR DEBOUNCING DAV. 



FJ^ATN + LACS* LADS 
F3-ATN + nly 
T3'-T3-CTT-APT 



Figure A.I. 8291 State Diagrams (Continued next page) 
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PPRn = RESPONSE 



•IDY - ATN • EOl 




F6 = OCL + SDC ' LADS 




Figure A.I. 8291 State Diagrams 







Appendix B 






IEEE 488 TIME VALUES 




Time Value 
f Identifier* 


Function (Applies to) 


Description 


Value 


Ti 


SH 


Settling Time for Multiline Messages 


>2MSt 


"^'tz 


LC,IC,SH,AH,T,L 


Response to ATN 


< 200ns 


_ T3 


AH 


Interface Message Accept Time 


> 08 


t4 


T.TE,L,LE,C,CE 


Response to IFC or REN False 


< IGOmS 


t5 


PP 


Response to ATN+EOI 


< 200ns 


T6 


C 


Parallel Poll Execution Time 


> 2ns 


T7 


C 

^' 


Controller Delay to Allow Current Talker 
to see ATN Message 


> 500ns 


T8 




Lengtti of IFC or REN False 


> IOOmS 


T9 


c 


Delay for tOI" 


> 1.5,istt 



" Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified by an 
upper case T indicate the minimum t me that a function must remain in a state before exiting. 

t If ttiree-state drivers are used on the DIO, DAV. and EOl lines, Ti may be: 

1. > 1100ns 

2. Or > 700ns if it is known that within the controller ATN is driven by a three-state driver. 

3. Or> SOOns for all subsequentfe^es follQWing the first sent after each false tranfiHon of ATN (tfie first byte must be sent in 
ac«sordaneefWlthi(1) of (2). i 

4. Of a 3S0ns for all subsequent bytes following the first sent after eacli false transition .of ATN under conditions specified In 
Sectioh 5,2.3 and warning note. SeeHiggEStandard 488. ^ -^.^ J.' - ^ 

^ Time required for Interface functions to accept, not necessarily respond to interface messages. 

5 Implementation independent. ' '\ . .■ ' 

" Delay required for EOl, NDAC, and NRFD signal lines to indicate valid ! 

tt s 600ns for three-state drivers. 
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Appendix C 

THE THREE WIRE HANDSHAKE 



Va.10 



\ 



*TDVND3-^ 



r 



-TDVpM H 



-TRDHiR3- 
I 



\ 



t 



1 



Figure C-1. 3-Wire Handshake Timing at 8291. 



."•"•.■''1 



r 
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SET DAV HIGH 



SET NRFD AND 
NDAC LOW 




SET NDAC LOW 



FLOW DIAGR4M OUTLINES SEQUENCE OF EVENTS DURING TRANSFER OF 
DATA BYTE. MORE THAN ONE LISTENER AT A TIME CAN ACCEPT DATA 
BECAUSE OF LOGICAL AND CONNECTION OF NRFD AND NDAC LINES. 



Figure C.2. Handshake Flowchart. 
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Appendix D 

FUNCTIONAL PARTITIONS 



DEVICE (APPARATUS) 



INTERFACE 
FUW CTIOHIS 

-N| ^-^c 

'y (8292 ONLY) 



1 A 

V 



\ 

\ 



— RL 

— 1/ 



SR 



OR - 
■ LE 



N 



MESSAGE 
CODING 



SYSTEM 




A - CAPABILITY DEflNED BY THE 488-197ffS¥'ANPINRD; 

B - CAPABILITY DEFINED BY THE DESIGNER. TS'U 

1 -INTERFACE BUS SIGNAL LINES. 

2 - REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS. 

3 - DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE MMCTIOMS. 

4 - STATE LINKAGES BETWEEN INTERFACE FUNCTIONS. 

5 - LOCAL MESSAGES BETWEEN DEVlCE FUNCTIONS AND INTERFACE 

FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED, 
MESSAGES FROM INTERFACE FUNCTIONS EXIST i^):f:qfmtNG TO TME 
O^ONER-S CHOICE). , -. 

e - CONTROL MESSAGES (8292 ONLY). 



Figure D.1. Functional Partition Within a Device. 
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8292 > ^ 
GPIB CONTROLLER 



■ Complete IEEE Standardi^ Controller 
Function 

■ Interface Clear (IFC) Sending Capability 
Allows Seizure of Bus Control and/or 
Initialization of the Bus 

■ Responds to Service Requests (SRQ) 

■ Sends Remote Enable (REN), Allowing 
Instruments to Switch 1^ llNitote 
Control 



■ Complete lmplementaM9n|ofTraiiiiw{ I 

Control Protocol i 

I ^ t'li ; 

■ Synchronous Control Seizure PreiiMits 
the Destruction of Any Dafa 
Transmission in Progress ' 

■ Connects with the 8291 to Form a 
Complete IEEE Standard 48a4j«lill8c# | 
Talker/ Listener/Controller | 



i ' 

The 8292 GPIB Qontraller is a micro|>ioeessor-controlled chip designed to function with the 8291 GPIB Talker/Listener 
to implement ttte 'full IEEE Standaid 488 controller function, including transfer control protocol. The 8292 is a pre- 
programmed Intel* 8041 A. . i / . I ■ 



PIN CONFIGURATION 



8291, 8292 SYSTEM DIAGRAM 



IFCL 


C 


1 


W 


40 


□ 


vcc: 


X1 


c 


2 




39 


□ 


COUNT 


X2 


c 


3 




38 


□ 


REfl 


BESET 


c 


4 




37 


□ 


DAV 


Vcc 


c 


s 




36 


□ 


IBFi 


cs 


L 


6 




35 


□ 


OBFI 


GND 


C 


T 




34 


□ 


EOlK 


RG 


C 


e 




33 


□ 


SPI 


Ao 


C 


9 




32 




TCI 


WR 


C 


10 


8292 


31 


□ 


cic 


SYHC 


C 


11 




30 


□ 


NC 


Do 


C 


12 




29 


11 


ATNO 


Dl 


c 


13 




28 




NC 


DZ 


c 


14 




27 


□ 


CLTH 


03 


c 


IS 




28 




Vcc 


04 


c 


16 




25 


□ 


NC 


OS 


c 


" 




24 


□ 


SYC 


OS 


c 


18 




23 


□ 


iPc 


07 


c 


19 




22 




STHi 


vss 


c 


20 




21 


□ 


Sro 
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PIN DESCRIPTION 



Symbol 


I/O 


Pin No. 


Function 


IFCL 


1 


1 


IFC Received (latched) — The 8292 
monitors the IFC Line (when not 
system controllei^~ through this 

pin. 


Xt, X2 


1 


2, 3 


Inputs for a crystal, LC or an exter- 
nal timing signal to determine the 
internal oscillator frequency. 


RESET 


1 


4 


Used to initializi! the chip to a 
l<;nown state during power on 


CS 


1 


6 


Chip Select Input — Used to select 
the 8292 from other devices on the 
common data bus. 


Rn 

HU 


1 


Q 



wiim inpui wiiioii anuwa ii ic 
master CPU to reati from the 8292. 


An 


) 


g 


AiiHrp*$(« 1 inn ^ IJ<tnri tn 4p|prt hp- 

tw/een the rfafaljeis and the status 

register during read operations 
and to distinguish between data 
and commands written Into the 
8292 during wifite operations. 


WR 


1 


10 


I/O read Input which aH ■ ' "-e 
master CPU to write to ir _ . 




U 


1 1 


8041 A instruction 'Cycle synchro- 
nization signal; it is an output 
clock with a freque' : . of 
XTAL^IS. 


D0-D7 


I/O 


12-19 


8 bidirectional lines us^ for com- 
munication between the central 

processor and thi; 8292's 'I'l' -i *-'is 
buffers and status reglsti-i 


Vss 


P.S. 


7, 20 


Circuit ground potential. 


SRQ 


1 


21 


Service Request — One of the 
IEEE control lines. Sampled by the 
8292 when it is controller in 
charge. If true, SPI interrupt to the 
master will be generated. 




1 


£.£. 


Attention in — uteo oy tne ot^t?^ to 
monitor the GPIB ATN control 
line. It is used during the transfer 
control procedure. 


iFc 


I/O 


23 


interface Clear — One of the GPiB 
management lines, as defined by 
IEEE Std. 48849.78, places all de- 
vices in a known quiescent state. 


SYC 


1 


24 


System Controller — Monitors the 
system controller switch. 


CLTH 





27 


CLEAR LATCH Output — Used to 
clear the IFOR latch after being 
recognized by the 8292. Usually 
low (except after hardware Reset), 
ix will D6 puiseo niyn wnen iron is 
recognized by the 8292. 







29 


Attention Out — Controls the ATN 
control line of the bus through ex- 
ternal logic for tcs and tea pro- 
cedures. (ATN is a GPiB control 
line, as defined by IEEE Std. 
488-1978.) 
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Symbol 


I/O 


Pin No. 


Function 


Vcc 


P.S. 


5, 26, 40 


+ 5V supply input. ±10%. 


COUNT. 

n 


i 


39 

■ .- 1.' i 


Count input — When enabled by 
the proper command the internal 
counter will count external events 
through this pin. High to low tran- 
sition will increment the internal 
aoutsm-lay one, The pin is sampled 
once per three ^t^^kiQ^^^^" 
cycles (TSiisec' sample ^od 
when using 6 MHz XTAL). It can be 
used for byte counting when con- 
nected ton NEMC, or -for .blQCk 
counting when connected to ihe 


RIN 





38 


The Reniote Enable bus signal 
selects repej^,pr,ioGal control otg 

thA ripvipp nn thp nim A r^PIR hiK 
management line, as defined by 
IEEE Std. 488-1978. 


DA\7 


I/O 


37 > 


DAVHandshake Line — Used dur-' 
Ing parallel poll to force the 8291 
to accept the parallel poll status 
bits. It is also used during the tcs 
pg)gedUre.s,.f; . , ; jj ^ 


iBFi 





36 


Input Buffer Not Full — Used to 

interrupt the central processor 
while the input buffer of the 8292 
is empty. This feature is enabled 

anrt HicahloH Ku th'c infommf 

mask register. 


OBFI 


O 


35 


^TTr-t .* .i.^'U": 

Output Buffer Full — Used as an 

Interrupt to the central processor 
while the output buffer of the 8292 
is full Thp fp^tiirp run hp phpHIpH 

lO lull. 1IIC IC7C1LUIC wOl 1 UC CI ICIUICU 

and disabled ^b^ tt» interrupt 
mask register. 


EQI2 


I/O 


34 


FnH nr IrlAniifv Onp nf thp f^PIH 

a nj \ji luci III! y — v^^iicl/i uicvji~id 

management lines, as defined by 
IEEE Std. 488-1978. Used with ATN 
as Identify Message during paral- 
lel poll. 


SPI 





33 


Special interrupt — Used as an 
iiuciiupi uii cvmiib iiui iniiialcQ uy 
the central processor. 


TCI 





32 


Task Complete Interrupt — Inter- 
rupt to the control processor used 
to indicate that the tiask requested 
was completed by the 8292 and 
the information requested is ready 
in the data bus buffer. 


CIO 


o 


— ^ret 


Controller In Charge — Controls 
the SIR input of the SRQ bus 
transceiver. It can also be used to 
indicate that the 8292 is in charge 
of the GPIB bus. 
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intel 



8293 

at IB TRANSCEIVER 



■ Nine Open<collector ot! lliiec^state 

■ 48 mA Sink Current Capability on 
Each Line Driver 

■ Nine Sciimitt-type Line.Receivers 

■ High Capacitlince Load Drive 
Capability 



■ Single 5V Power Supply 

■ 28-Pin Pacltage 

■ _Low Power HIM OS Design 



■ On-chip Decoder for 
Configuration 



Power Up/Power Down Protection to - 

Prevent Disrupting the IEEE Bus 

I 

Ceuinects with the 8291 and 8292 to 
Form an IEEE Standard 488 Interface 
Talicer/Listener/Contfolier wtiti 
Additional Components i j 



■ Only Two 8293'S 
Interface 



6NB 



■ 0%C|iip IEEE-488 Bus Terminations 



The Intel® 8293 GPIB Transceiver is a high current, non-inverting buffer chip designed to interface the 8291 GPIB 
T^Ke,r/Ustei^r or ttif .Qg92 GPip Controtter with the 8291 to the IEEE Standard 468-1978 Instrumentation Int^iSace 
Bus. ^ach GPIB intenace would cbnIM ^o 8293 Bus Transceivers. In addition, the 8293 can also be used as a general 
purpose bus driver. 



PIN (roiiinpu^iriiiHN 



8291, 8292, 8293 SYSTEM DIAGRAM 



riuel- 




28 □ Vise 
27 □ OPTA 
26 □ CIPTB 
25 □ DATA10 
24 JDATAS 
23 □ DATA8 
22 □ BUSS 

21 H Busa 
m\ Homo 



3 mm I 

□ BUS4 




Or i-Tf.- 
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PIN DESCRIPTION 



Symbol I/O Pin No. 



Function 



Symbol I/O Pin No. 



Function 



5T^ 

BUSI- 
BUS9 



ijo 



DATA1- 
DATA10 



T/R1 



T/B2 



12, «3, These^e the IEEE-488 bus 
t5-f9, interfajje-driver/reoelvers. 
! 21,22 Using Ihe made select pins, 
' they can be configured differ- 

i entfy twHallow direct connec- 

tions between the 8291 GPIB 
Talker/Listener and the 8292 
GPIB Controller. 

I/O 5-11, These are the pins to be con- 
23-25 nectedto the 8291 and 8292 to 
interface with the GPIB bus. 
Their use Is programmed by 
the two mode select pins, 
OPTA and OPTB. All these 
pins are TTL compatible. 

'I 1 Transmit reiceive 1: this pin 

controls tlie direction for 
NDAC, NRFD, DAV, and DI01- 
DI08. Input is TTL compatible. 

I 2 Transmit receive 2, this pin 

controls the direction for EOl. 
Input is; TTL compatible. 



19' orw ia.;il6.i 

.'.^ '0 efsafp 1- . , 
'.■'il rl hsHnit^t! flic 
c-rt) onicijlartl 6 



O 4 



luol to 

!bb6 Til itib r 



OPTA I 27 

dPTB I as 



,yec >. P S. 28 



GNOi 



JBnd or Identify; this pin indi- 
ca|es the end of a multiple 
byte transfer or, in conjunc- 
tion with ATN, addresses the 
device during a polling se- 
quence. It connects to the 
8291 and is switched between 
transmit and receive by T/R2. 
This pin is TTL compatible. 

Attention; this pin is used by 
the 8291 to monitor the GPIB 
ATN control line. It specifies 
how data on the DIG lines is to 
be interpreted. This output is 
TTL compatible. 

These two pins are to control 
the fundtion of ^ttie ££93. A 

fiW^e'bf m'tm^ 

firams the varteua-modea -fei - ^ 
Table 1. 

Positive power supply (5V 

± 10%). 



P:Si T4^ 20; LCircuit ground potential. 

^^^^ i '^1 1 ' 



Tabte 1. 8291 Mode Selection Pin.Mf^Ing 



Pin Name 


Pin No. 


IEEE implementation Name 


Mode 


M 


odel 


Mode2 


Ixodes 


OPTA 


27 





1 






<• , 


1 


OPTB 


- ■ - 26 , ; 


liq 


1 




1 


1 


DATA1' 




IFC 


1 DlQg 


Tfc 


Dl^ 


BUS1 


12 


IFC* 


DI08* 


IFC* 


DI08* 


DATA2 


6 


REN 


DI07 


REN 


DI07 


BUS2 


13 


REN* 


DI07* 


REN* 


DI07* 


MTA3 - ' 


7 


NC 


DI06 


E0I2 


DI06 


cl JiJg©s3 " ■ 


15 


EOl* 


DI06* 


Eor 


DI06* 


DATA4 




SRQ 


DI05 


SRQ 


DR55 


BUS4 


16 


SRQ* 


DI05* 


SRQ* 


DI05* 


DATA5 


9 


NRFD 


D)04 


NRFD 


DI04 


BUSS 


17 


NRFD* 


DI04* 


NRFD* 


DI04* 


DATA6 


10 


NDAC 


DI03 


NDAC 


DI03 


BUS6 


18 


NDAC* 


DI03* 


NDAC* 


DI03* 


DATA? 


11 


T/RI01 


NC 


ATNI 


ATNO 


DATA8 


23 


T/RI02 


DI02 


ATNO 


DR52 


BUS7 


19 


ATN* 


DI02* 


ATN* 


DI02* 


DATA9 


24 


GI01 


CSV 


CIC 


DAV 


BUS8 


21 


GI01* 


DAV* 


CLTH 


DAV* 


DATA 10 


25 


GI02 


DI01 


IFCL 


DI01 


BUS9 


22 


GI02* 


DI01* 


SYC 


Dior 


T/R1 


1 


T/R1 


T/R1 


T/R1 


T/R1 


T/R2 


2 


T/R2 


NC 


T/R2 


ifCl 


EOl 


3 


EOl 


EOl 


roi 


EOl 


' ATN 


4 


atr 


SIR 




atr 



JMI^I); TtwM pi!<*.a>B ttw IEEE.488 bus non-Inverting driver/receivers. Tliey include alJ ttie bus terminations required tqr the Standard and may be 
connected.dlreetly to the GPIB bus connector. . IVidnstfl luo - 
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GENERAL DESCmPTIOhti,ir,j<^ i; 

TRe 8293 is a bidirectional transcisiver.^R'w^s designed 
to interface the Intel 8291' GPIB Talker/Listener and the 
Intel® 8292 GPIB Controlle? to the liEE Standard 
488-1978. Instrurnerijlatlon Bus (also referred to as the 
GPlB Bus). The Intel GPlB Bus Transceiver meets or ex- 
ceeds all of the electricaf specifications defined in the 
IEEE Standard 488-1978, Section 3.3-3.5, including the 
required bus termlnatiorl Sp'eclficatlons. 

The 8293 can be hardware programmed to one of four 
modto of operation; These modes aflow thfe 8293 to be 
cSnfrgured to support both a Talker/Listener/Controller 
environment and Talker/Listener environment. In addi- 
tion, the 8293 can be used as a general purpose three- 
state (push-pull) or open-collector bus transceiver with 
nine receiver/drivers. Two modes are used to support a 
Talker/Listener environment (see Figure 1), and to sup- 
port a Talker/Listener/Controlier e^ironment (see 
Fl|)|jre .2). Mo^p 1 is the general purpose mode. 



PROCESSOR 
i BUS 




Figure 1. talkWUstener Conft^oratlon 




QIO, 
■ TifilO, 

fii-;T()iiPj 



EOI 
T/Ri 
NRFD 



NDAG 
TiRl 



THREE 
STATE ONLY 



THREE 
STATE ONLY 



INPUT ONLY 



s;r t/c 



OPEN COL 
OUTPUT ONLY 



THREE 
STATE ONLY 



TZ-I 

OPEN COL ONLY 



IT 



OPEN COL ONLY 



1 OPTA 

J OPTS 



GIOj- 



TfC l=.THREESTAtS' ' itn< 

= OPEN COLLECTOR 
S/R 1=SENDT0QPIB 

= RECEIVE FROM GPIB 

■ = IEEE.48S BUS N0N4NVERTING DRIVER/RECEIVER 



ov 



Figure 3. Talker/Listener Control Configuration 
MODE PIN DESCRIPTION 



Symbol I/O Pin No. 



punetlon ' 



T/R1 ^ I 1 



NDAC "I/O 10 



NDAC; I/O 18 
• I 



NRFD I/O 9 



Figure 2. Talker/Llstener/Controllsf pei^guratlon 



Transmit receive 1; direction 
cojitrol for NDAC and NRFD. If 
T/R1 is high, then NDAC* and 
NRFD* are receiving. In^ut is 
TTL compatible. 

I^bt Data Accepted; processor 
GPIB bus handshake control 
line; used to indicate the con- 
dition of acceptance of data 
By devtc^f . It Is TTL corrtpati- 
ble. 

Not Data Accepted; IEEE 
GPIB bus handshake control 
line. When an input, ItisaTTL 
cpmpatibte Schn^tt-trigger. 
VVhen an oiiq>ut, Wl6,p^ apen- 
cdllector driver witft 46' mA 
sinking capability. 

Not Ready For Data; proc- 
essor GPIB handshake control 
line; used to indicate the.con- 
dltlon of readiness of de- 
vlce(s)% aseeptjdKta^mittr^fn 
ls'tTt'c6jiff[«4lW.*''''^'' 



SrtIO 



8293 



Symbol I/O Pin No. 



Function 



Symbol I/O Pin No. 



Function 



NRFD* 



I/O 17 



T/R2 



S5r 



EDI* 



I/O 3 



I/O 15 



SRQ- 



REN 



REN* 

J! ' 

ATN 



ATN* 



I: 8 



16 



6 



1 -*3 



O 4 

■(T 



I 19 



Not Ready For Data; IEEE 
GPIB bus handshake control 
line. When an input, it is a TTL 
compatible Schmitt-trigger. 
When an output, it is an open- 
collector driver with a 48 mA 
current sinking capability. 

Transmit receive 2;_direction 
control for EOl. if T/R2 is high, 
EOl* is sending. Input Is TTL 
compatible. - 

End or Identify^ processor 
GPIB bus control hhe; is used 
by a talker by indicate the end 
t>f a multiple bytis transfer. 
This pin Is TiFL-compatlble. 

End or Identify; IEEE GPIB bus 
control line; is used by a talker 
to indicate the end of a multi- 
ple byte transfer. This pin is a 
three-state '(^tish-pull) driver 
capable of sifikihg48 mA and 
a TTL compatible receiver 
with hysteresis. "^ 

Service Request; processor 
GPIB bus control line; used by 
a device to indicate the need 
for service and to request an 
Interruption of fhe'current se> 
quence of events on the GPIB. 
It is a TTL compatible input. 

Service Request; IEEE GPIB 
bus control line; it is an open 
collector driver capable of 
sinking 48 mA. 

Remote Enable; processor 
GPIB bus control line; used by 
a controller (in conjunction 
with other messages) to 
select between two alternate 
sources of device program- 
ming data (remote or local 
control). This output is TTL 
compatible. 

Remote Enable; IEEE GPIB 
bus control line. This input is 
a TTL compatible Schmitt- 
trigger. 

Attention; ^ttci^w GPIB 
bus control line; used by the 
8291 to determine how data 
on the DIO signal lines are to 

' be Interpreted. This is a TTL 

' compatible output. 

Attention; I EEE GPIB bus con- 
trol line; this input is a TTL 
compatible Schmitt-trigger. 



IFC* 



12 



IFC 5 Interface Clear; processor 

GPIB bus control line; used by 
a controller to place the inter- 
face system into a known 
quiescent state. It is a TTL 
compatible output. 

Interface Clear; IEEE GPIB 
bus control line. This input is 
a TTL compatible Schmitt- 
trigger. 

T^I@|l i-i I 11 Transmit receive General 10; 
Tii?H^-j I 23 . direction contioi for the two 
. •.' o:j o^v.' spare, transceivers. Input is 

TTL compatible. 

GI01 I/O 24 General 10; this is the TTL 

GI02 I/O 25 side of the two spare tran- 

I '-rt^'wi sceivers. These pins are TTL 

' " compatible. 

21 General lO; these are spare 

22 three-state (push-pull) drivers/ 
Schmitt-trigger receivers. The 
drivers can sink 48 mA. 



Gior 

GI02* 



I/O 
Ms 



S:?if--.<irTia,'; JTT 



T/R1 

Bits; 



BR55 



ATN 

EOi 




Figure 4. TilkiMiiiiiiar Data Configuration 
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Symbol I/O Pin No. 



Faniillon 



I 



EOl 
ATN 



I 4 



DAV 



I/O 24 



Transmit receive 1; controls 
the direction for DAV and the 
DIO lines. If T/R1 is high, then 
all these lines are sending in- 
formation to the IEEE GPIB 
lines. This input is TTL com- 
patible. 



End of Sequence and Atten- 
tion; procisssor GPIB control 
lines. Ttiese two control 
signals are ANDed togettier to 
determine whether all the 
transceivers in the 8293 are 
three-state (push-pull) or 
open-coiiector. When both 
signals are iow (true), then the 
controller is performing a 
parallel poll and the tran- 
sceivers are all open- 
collector. These inputs are 
TTL compatible. 



Data Valid; processor GPIB 
bus handshake control line; 
used to Indicate the condition 
(availability and validity) of In- 
formafion on the DIO signals. 
It Is TTL compatible. 



- ■ r_" , 

mns 

T/Rl 
SYC 



urn 



XTNO 
ESI 
' TAte 



CLTH 
CIS 



5 



SR T/C 



SIR T/C 



-J ZI ls/B T/d 




^OPTA 
-XOPTB 



FlguiB 5. Talker/Llstener/Controlitf Control 
Configuration 



DAV* I/O 21 Data ValidniEE GPIB bus 
handsliake control line. When 
an Input, Ills a TTL compati- 
ble Schmitt-trigger. When 
DAV* Is an output, it can sink 
48 mA. 



DI01 - I/O 25, 23, Data Input/Output: processor 
DI08 10, 9, GPIB bus data lines; used to 

8, 7, carry message and data bytes 
6, 5 in a bit-parallel byte-serial 
form controlled by the three 
handshake signals. These 
lines are TTL compatible. 



DI01* I/O 22,19, Data Input/Output; IEEE GPIB 
DI08* 18,17, bus dtita lines. They are TTL 

16, 15, compat-tbl* Sehmttt-trtggers 
13, 12 when used for Input and can 
sink 48 mA^hen used for out- 
put. See ATN and EOl descrip- 
tion for output mode. 



MODE 2 PIN DESCRIPTION 



Symbol I/O Pin No. 



Function 



T/R1 I 1 



NOA& J/Ol '10 



NDAC* I/O 18 



Transmit receive 1; direction 
cont_roi for NDAC and NRFD. 
If T/R1 Is high, then NDAC and 
NRFD are receiving. Input is 
TTL compatible. 

Not Data Accepted; processor 
GPIB bus handshake control 
line; used to iridlcate the con- 
dition of acceptance of data 
by device(s). This pin is TTL 
compatible. 

Not Data Accepted; IEEE 
GPIB bus hantlatiake control 
line. It is a TTL compatible 
Schm(tt-trtgg«r *hen used for 
Input ,and an Qpen^ollector 
driver with a 48 niA current 
sink capability when used for 
output. ■ 
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8293 



Symbol I/O Pin No. 



F-unction 



Symbol I/O Pin Mo. 



NRFD I/O 9 Not Ready For Data: processor 
GPIB bus handshake control 
line; used to indicate the con- 
dition of readiness of device(s) 

-. -rt to accept data. This pin is TTL 

C; It .!■ . ■ compatible. 

W#0* 'VO' ' "t? Not Ready For Data: IEEE 
^' ' GPIB bus handshake control 

line. It is a TTL compatible 
. Schmitt-trigger when used for 

.a-i ■ input and an open-collector 

.• .1 ' , - driver with a 48 mA current 
sink capability when used for 
output. 

SYC I 22 System Controller; used to 

monitor the system controller 
switch and control the direc- 
"' tion for IFC and REN. This pin 

is a TTL compatible input. 

REN I/O 6 Remotis Enable; processor 
GPIB control line; used by the 
active controller (in oonjunc- 
^ tion wlih othe?^essages) to 

select between two alternate 
sources of device program- 
ming data (remote or local con- 
trol). This pin is TTL compa- 

mn* If® 13 Remote'' Enable; IEEE GPIB 
bus control line. When used as 
an input, this is aTTL compati- 
ble Schmitt-trigger. When an 
output, 4t is a three-state driver 
r.i ' with IDA current sinking 

■i: .V capabiltty. 
IPC 1/(3 5 Interface Clear; processor 
' GPIB bus control line; used by 

,1 ■> the active controller to place 

1 the interface system into a 

-Ti " ,- : , known quiescent state. This 
r-s - VP' pin is TTL compatible. 

IFG* " fra' 12 Interface Clear; IEEE GPIB bus 
control line. This is a TTL com- 
1? • , patibie Schmitt-trigger when 

. ' , i , , used for input and a three- 

. , . •• . state driver capable of sinking 

48 mA current when used for 
output. 

CIC I 24 Controller in Charge: used to 

control the direction of the 
St ■ ' i SRQ and to indicate that the 

8292 is in charge of the bus. 
j.-i CIC is a TTL compatible input. 

CUTH {'■ 21 Clear Latch; used to clear the 
IFC Received latch after it has 
been recognized by the 8292. 
Normally low (except after 
a hardware reset), it will be 
pulsed low when IFC Received 




SRC 



I/O 8 



SRQ* 



I/O 16 



T/R2 



ATNO 



I 23 



ATNI 



ATN 



ATN* 



11 



4 



I/O 19 



e5I? 



I/O 7 



is recognized by the 8292. 
This input is TTL compatible. 

IFC Received Latched; the 
8292 monitors the IFC line 
when it is not the active con- 
troller through this pin. 

Service Request; processor 
GPIB control line; indicates 
the need for attention and re- 
quests the active controller to 
interrupt the current sequence 
of events on the GPIB bus. 
This pin is TTL compaMe. 

Service Request; IEEE GPIB 
bus control line. When used 
as an Input, this pin is a TTL 
compatible Schmitt-trigger. 
'VVhen used as an output, it is 
an open-collector driver with a 
48 mA current sintciag capa- 
bility. - — — - 
Transmit receive 2; controls 
the direction for EOl. This in- 
put is TTL compatible. 

Attention Out; processor 
GPL^'bus con^l llne; used by 
the 8292 for ATN control of 
the IEEE bus during "take 
control synchronously" opera- 
tions. A low on this input 
caus es ATN to be asserted if 
SfglmdleaJgsthat thJsi^Z is 
' IhMarge. ATNO is a TTL com- 
patible input. 

Attention In; processor GPIB 
bus control line; used by the 
8292 to monitor the ATN line. 
This output is TTL compatible. 

Attention; processor GPIB 
bus control live; used by the 
8292 to monitor the ATN line. 
This output is TTL compatible. 

Attention; IEEE GPIB bus con- 
trol line; used by a controller 
to specify how data on the 
DIG signal lines are to be in- 
terpreted and which devices 
must respond to data. When 
used as an output, this pin is a 
three-state driver capable of 
sinking 48 mA current. As an 
input, it is a TTL compatible 
Schmitt-trigger. 

End or Identify 2; processor 
GPIB bus control line; used in 
conjunction with ATN by the 
active controller (the 8292) to 
execute a polling sequence. 
This pin Is TTL cornpatlble. 



8293 



Symbol lAO PinNo. 



ftlncfion 



MODE 3 mN 4)iSGRIPTIQJM 



EOI* 



I/O 3 End or Identify; processor 

GPIB bus control line; used by 
~ a tall<er to indicate the end of 

^' ■ a multiple byte transfer se- 

quence. This pin Is TTL com- 
patible. 



WO... ,15 End or Identify; IEEE GPIB bus 
•. control line; used by a talker 

to Indicate the end of a multi- 
ple byte transfer sequence or, 
by a controller In conjunction 
with ATN, to execute a polling 
sequence. When an output, 
this pin can sink 48 mA cur- 
rent. When an input, it is a TTL 
compatible Schmitt-trigger. 



XTRO 

' DAV 
I/Wl 

mo, 



~ s/r t;c 

— t>-^w -^ ^ 

Is/B T/Ct 



DIOs 



DIOt 



DIO7 



EOI 

'■«5 




3> 



~iaR T/cl ' 



OPTA 
OPTB 



^ncUen 



T/R1 



EOI 
ATN 



ATNO 



IFCL 



Bav 



I 23 



I 



DlOB 



Dior- 



i- 1 Transmit receive 1; controls 

> ' . ^ the diraetion for DAV and the 

> q £ 3u ;<iM®4|iiAs. If TfWl Is high, then 

9'c*i^iOhMM Hnes are sending 
Informettion- to the IEEE G^ie^ 
lines. This Input is TTL com- 
patible. 

I 3 End of Sequence and Atten- 

I . 4 tion; processor GPIB control 

• ' ^ lines. These two control lines 

" i iw - are ANDed together to deter- 
mine whether all the tran- 
sceivers in the 8293 are push-- 
pull or open-collector. When 
both signals are low (true), 
then th« controller Is perform- 
ing a. parallel poll and the 
transceivers are all open- 
collector. These "Inputs are 
TTL compatible. 

Attention Out; processor 
GPIB control line; used by the 
8292 during "take control syn- 
chronously" operations. This 
pin is TTL compatible. 

Interface Clean Latched; used 
to make DAV received after the 
system controller asserts IPC. 
This input is TTL compatible. 

I/O 24 Data Valid; processor GPIB 
handshake control line; used 
to indicate the condition 
(availability and validity) of in- 
formation on the P)0 signals. 
- : Xhis<pln is TTL compatible. 

I/O 21 ' ^ Data Valid; IEEE GPIB hand- 
' ^hake control line. When an 
input, this pin is a TTL com- 
ipatlbie Schmitt-trigger. When 
-DAV'tisanQutputi^canslnH 
48 mA^ 

I/O 25, 23, Data Input/Output; processor 
10, 9, GPIB bus data lines; used to 
Bi 7, - carry -message and data bytes 
6, 5 'In a ' bit-parallel byte-serial 
form controlled by the three 
handshake signals. These 
lines are TTL compatible. 

I/O 22, 19, Data Input/Output; IEEE GPIB 
18, 17, bus data lines. They are TTL 
16, 15, compatible Schmitt-trlggers 
13, 12 when used for Inn^ and^n 
sink 48 mA when iMHid for out- 
put. 



PHiUra 6. Talker/Listener/Controiler Data 
Configuration 



I! 
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TO 

WKSnOPROdESSOR 
c IKITEBFACE 



GPIB TRIGQER OUTPUT - 



SU9 '■ 



- I- 



DO 

D1 

D2 

□3 

D4 

D5 

D6 

D7 

CS 

RD 

WR 

INT 

CLOCK 
RESET 
DREQ 

Back 

TRIG 



I i 



DI01 
□102 
□ 103 

BioS 
DiOS 
Di06 

Bo? 



; SS7 

EOT 

Tm2 

NDAC 
NRFD 

^ 



= GPIB BUS TRANSCEIVER 



23 



DIOi 

DIS2 
BT03 

Dl54 
DIOS 

EiSl 

Di57 
Di08 
DAV 
T/R1 
ATN 
EOi 



DIOI' 
DI02* 
DI03* 
m04' 
DiOS* 
DI06' 
DI07* 
DI08- 
DAV 
OPTA 
OPTS 



EOI 

ATN 

T/Rl 

T/R2 

NDAC 

NRFD 

SRQ 

REN 

IFC 



EOI- 
ATN- 



NDAC- 
NRFD- 
SRO* 
REN- 
IFC- 
OPTA 
OPTB 



TO 

IEEE'48S 
BUS 



Vcc 
SND 



TO 

IEEE-4M 
BUS 



GND 
GND 



Figura 7. 8S!91 and 6293 System Configuration 
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8293 



TO 

MICROPROCESSOR 



QPIB 
TRIOSER ' 
OUTPUT 



3U: 



MICROPROCESSOR 



OSCILLATOR 
OUTPUT 



Vcc- 



05 
06 
D7 
RSO 

nsi 

RS2 
RD 
WR 

RESET 
DREO 
DACK 

cs 

CLOCK 
INT 



0101 

Dim 

0103 
0104 

DI05 

DI06 
DI07 
DI08 
T/R1 
OAV 
EOi 
ATN 
SRO 

ire 

NDAC 

NRFD 

T/R2 
HEii" 



«..pp^ £- 



06 

07 

AO 

RD 

WR 

RESET 

CS 

TCI 

SPI 

OBFI 

iBFi 

SYNC 



SRO 
REN 

ire 
StnS 

COUNT 
E0I2 
ATNI 



IFCt 

cic 

CLTH 
SYC 



Vcc 



ON SYSTEM 

CONTROLLER 
OFF SWITCH 



DI01 
Di02 
0103 
0104 
DI05 
Di06 
DiOf 

Bioi 

T/R1 
DAV 
EOi 
ATN 



Dior 

DI02 
0103 
DI04' 
DI05 
0106 

Dior 

DI08' 



ATNO 
IFCL 



OPTA 
OPTS 



MODE 3 



TO 

IEEE'4U 

BUS 



-Vcc 

■Vcc 



31 


24 


27 


21 


24 


22 



T/R1 - 

ATB 

NDAC 

NFRB 

Tm2 

SRQ 

REN 

ire 

ATNO 
EOi 
E0I2 
ATNI 



IFCL 
CiC 
CLTH 
SYC 



NDAC 
NRFD 

SRO- 
REN' 
IFC- 
ATN- 

Eor 



OPTA 
OPTB 



IEEE-4aS 

BUS 



Flgura 8. 8291, 8292, and 8293 System Configuration 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias O'C to 70°C 

Storage Temperature .-65'C to + 150°C 

Voltage on any Pin with - • - 

Respect to Ground - liOV to + 7V 

Power Dissipation. 1 Watt 



•COU¥ENT: Stresses abme those listed umlv'ViSdIitti HHSmum 
Ratings" may cause permanent damage to the device, nis is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated In the operational sections of this 
^■effiot^on IS not Implied. Exposure to absolute maximum rating con- 
MtmS'^ extended periods may afid hevlce reliability. 



D.C. and Operating Characteristics 

Ta = 0°C to 70°C; Vcca5.0V ± 10%; 0ND= OV 



WVilC 



SYMEIOL 


PARAMETER 

- - 


LIMITS 


UNIT 


TEST CONDITIONS 


MIN. 


TYP. 


MAX. 


" Vim 

' IL 1 


Input Low Voltage (GPIB BUS Pins) 






fi ft 


V 


- 


Vll 


Input Low Voltage (Option Pins) 




-0.1 




U. 1 


V 




Vi, -V 
ILJ 


Input Low Voltage (All (Others) 






V 




V|H1 


Input High Voltage (GP'S Bus Pins) 


2.0 






V 




V|H2 


Input High Voltage (Option Pins) 


4.5 




5.5 


V 




V.H3 


Itrput Higtt Voltage (All Others) 


2.0 






V 




VoL1 


Output Low Voltage (GPIB Bus Pins) 






0.5 


V 


loL= 48 mA 


Vols 


Output Low Voltage (All Others) 






0.5 


V 


loL= 16 mA 


Vqhi 


Output High Voltage (GPIB Bus Pins) 


2.4 






V 


loH= -5-2 mA 


Vqhz 


Output High Voltage (All Others) 


2.4 






V 


i0H= -400 fiA 


■ V)W4 _ 


Receiver input Hysteresis 


400 


600 




mV 




V|T 


_ , ... High to Low 


0.8 


1.0 




V 




Receiver input Threshold ,o High 




1.6 


2.0 


lui 


Low Input Load Current (GPIB Bus Pins) 


-3.2 




0.0 


mA 


V|L=0.8V 


Iu2 


Low input Load Current (All Others) 






10 


hA 


V|L=0.8V 


IpD 


Bus Power Down L^ri^ee Current 






10 


mA 


Vcc = OV 


tec 


Power Supply Current] ' 






100 


mA 




CapacitanCf 




SYMBOL 


PARAMETER 


MIN. 


TYP. 


MAX. 


UNIT 


TEST CONDITIONS 










10 


PF 






Output Capacitance 




— 10- 

■1 


20 


pp.. 
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A.C. Characteristics 

Ta = 0'G to 70'C; Vcc = 5.0V ± 10%; GND = OV 



, SYMBOL 


PARAMETER 


TYP.* 


MAX. 


UNITS 


»PLH1 . 


Driver Preparation Delay (Low to l-ligti) ' 


20 


35 


flS 


tpHL1 


Driver Propagation Delay (HIgli to Low) 


17 


30 


ns 


'PLH2 


riCl^clVBi r I* upciy all Ul 1 LJcldy ^l_UW lU riiyil^ 


£.£. 


35 


ns 


'PHL2 


Receiver Propagation Delay (Higii to Low) 


18 


30 


na 


tpHZI 


Driver Enalgile Deiay (i-iigh to 3-State) 


20 


- V'.!.^j-,;,v ; 




tpZH1 


Driver Enable Delay (3-State to HIgti) 


15 


30 


ns 




Driver Enable Delay (Low to 3-State) 


20 


35 


ns 


— •PZL1 


Driver En^o'Oelay (3-State to Low) 


15 


30 


ns 


'PHZ2 








ns 






*PZH2 


Receiver Joaijijs Delay (3-State to High) 


20 


35 


ns 


^PL22 


Receiver ^rto^tiif Delay (Low to 3rSl8ite) 


25 




ns 


tp2L2 


Receiver ^f^lt Belay (3-State t^rt9i|0- 


20 


35 


ns 


•Typical O Ta=2S'C. 






■ O V r I-. . ^ ( - 












: 



C .: 




-0 2.0 4.0 

Vbus. bus VOLTAQE (VOLTS) 



T' 



o 





















Vcc = 


5.0 V 
















Ta = s 
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0.5 1.0 rJi 

Vi, INPUT VOLTAGE (VOLTS) 



Figure 9. Typical Bus Load Line 



Figure 10. Typical Receiver Hysteresis Characteristics 
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OUTPUT LOADING TEST.CIRCUITS 



TO SCOPE 
(OUTPUT) 

Q 



BUS 

O — 



Cl includes Jia and probe capmitange 



Figure 11. Data Input to Bus Output (Driver) 



MIA 



' INMS 

■ OR eouiv. 



Cl 30 pF 



Cl includes jio and probe capacitance 

I (MOIH TUflKi •. 



gAtSJ »f 



Figure 12. BiH^^nl^lo Data Output (Receiver) 



TO SCOPE 
(OUTPUT) 



BUS 

o— 



Cl ^ tS pF 



;t3.sa 

) (inzi. imt) 

> (tPHZtf IPZHi) 

^4mc 



Ci includes JIO and probe CAPACfTANCE 



TO SCOPE 

(OUTPUT) sm 

p 



data 

o— 



CisfcUpP 



Cl INCUIOESM amp probe CAPACITANCE 



Figure 13. SendfReeelve input to Bus Output (Driver) 



Figure 14. SmiVRaeeiw Input to Data Output (Re 
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INPUT 



OUTPUT 
(DRIVER PROP, DELAY) 
FIGURE n t(MD 



OUTPUT 

(RECEIVER PROP. DELAY) 
FIGURE 12 tbAD 



OUTPUT 
(DRIVER ENABLE DELAY 
WITH INPUT HIGH) 
FIQUREISLOAD 

iOUTIIlur 
(DRIVER ENABLE OaAV 
WITH INPUT LOW) 
FIGURE 13 LOAD 

OUTPUT 

(RECEIVER ENABLE DELAY 
WITH INPUT HIQH) 
FIGURE 14 LOAD 

OUTI'UT 

(RECEIVER ENABLE DELAY 
WITH INPUT LOW) 
FIGURE 14 LOAD 



1 


- 1.SV 

tpLHI 

/ 




- 


tPLH2 

1 




•PZHI 




tpZLl 




•PZH2 




*PZL2 



-VOH- 



-VOL- 
-VOH- 



-VOL- 



Iiii»e*Ifall 5 ns 
DUTY CYCLE = 50% 



IPHLI 



'PHL! 



tpLZ2 



■Vz = 1.0V 
■Vz= 1.13V 




-4 — 



1*. n'.'-» -r; 



#■120 



DAmEticnym^mm to 

■ Certified by National Bureau of 
Standards 

■ 80 Byte/Sec Data Conversion Rate 

■ 64-Bit Data Encryption Using 56-Bit 
Key 

■ DMA Interface 

■ 3 Interrupt Outputs to Aid in. Loading 
and Unloading Data 

DESCRIPTION 

The Intel* 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt 
btocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard. 
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-blt cipher words. The operation 
is reversible: if the cipher word is operated upon, the original text word is produced. The algorlilira itself Is perma- 
'nent^'contained In the 8294; howeverrthe^bit key is uso'-d^ned and may be changed M A^^r^i ^' ' '-■ 

The 56-bit key and 64-blt message data are transferred to and from the 8294 in 8-bit bytes by way of the system data 
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data 
'transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system 
conversion rates which are virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TTL compatible output 
port for user-specified functions. 

Because the 8294 Implements the NBS encryption algorithm It can be used in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be enerypt«d. 




■ 7-Blt User Output Port 

■ Single 5V ± 10% Power Supply 

■ Peripheral to MCS-ee^**, MCS-85T^ 
MCS-SO^*' and AiCS^^" ProcMsors 

'■MO n6"!9iUi -I ' ■> ■» 

■ Implements Feden^lflfOlmall«Hflw^r i. 
Processing Data Encryption StwMhMi 

■ Encrypt and Decrypt Modes Available 



PIN 

CONFIGURATION 



BLOCK .DIAGRAM 



X2C 3 

RESET C 4 
NCE 5 



i9R 
SVNCC 

DOI 
OIC 

02 L 

03 C 

04 C 

05 C 

06 C 

07 C 
GNDi; 



3vcc 

3NC 

IDACK 

IDRQ 

ISRQ 

lOAV 

INC 
3M 
3PS 

|M 

ira 

|M 

3P1 - 
DPO 
JVoD 
3NC 
3CCMP 
]NC 
INC 
]NC 
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intel 



... . H 



8295 

DOT MAftiiX PRn41«NMiM»LLER 



.>.o?i««2 



Interfaces Dot Matrix Printers to 
MC§-48™, IWICS-80/85™, IVICS-86™ 

40 Character Buffer On Chip 

Serialrdr Paraltdl Cdtmi^fiiiebtion with 
Most " -r. - 

DIMA Transfer Capability 

l^rogrammable Character Density (10 or 
12 Chararcters/lnch) 



PrograiTiR\able print Jjf^^nsj^. 
Single ^ Double Wjdth Printing 



m ProgfiWMiidl MMitpljB Line Feeds. 



m 2 General Purpose Outputs 



-^■ii: . ,v lP.:(.|t3 »H. i 3.- - . 

The Intel® 8295 Dot Matrix Printer Controller provides an interface for microproces80i3aB*W> fa WSg MPiSerlCBtdot 
^matrjx irnpact printers. It rris^ ;^ls^_^^|i|pd as an inte . , , , 

cJtte chfp raiw/be^j^ecj in a 8Mi#iipc0iH^llel communii^ion mode with .the. host processor, tn-paiailel mode, data 
Aeansters are bas9d on polling;. ieliM^ or DMA. Furthgwtore, It prQ<!<da8?<fttemai-buff€>tHniefeuR<Q>*fl 'eh a fte te r a 
and.'Contalns a 7>i7 matrix chara^^eiiaerator accornrnodating 64 ASCIIisharacters; .'• -"i. ..•= • - = 



"Oitso i-; iK. 



PIN 

CONFIGURATION 



PfEEOC 
XTiU.1 E 

- "CC 
SVNC 



01 1: 
■>4i: 

Ore 
gndC 



«o 3VCC 
» Hhome 
38 jdackjsin 

3' I]0RQ/CT5 

36 ^iROSlR 

35 JWSf 

3< DSTB" 

33 JW 

:» ]5i 

.10 ;i53 

p. ^■^ 

3fT 

26 :]VoD 
?b :]NC 

. ' IGP2 
JTCf 
21 JPTB 



BLOCK DIAGRAM 



Its o 

m -o 








5XC1&SIN . 


CONTROL 


DROfC^ 1 




BRET -0 

inoiSEn - — — 




I 


SYNC 


T1MINQ 


XTALI 


JtTAU - 
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8041 A/8641 A/8741 A 
UNIVERSAL PERIPHERAL INTERFACE 
8-BllT MICROCOMPUTER 



8 Bit CPU plus ROM, RAM, I/O, Timer 
and Clock in a Singfe Pact 



One 8-Bit Status and Two Data Regis- 
ters for Asynchronous Slave-to-Master 
Interface 

DMA, Interrupt, or Polled Operation 
ted 



1024 X 8 ROIVI/EPROM, 64 x 8 BAM, 
8-Bit Timer/Counter, 18 Programmable 
I/O Pins 



■ Fully Compatible with MCS-48'", 
MCS-80™ MCS-85™, and MCS-86™ 
Microprocessor Families 

■ Interchangeable ROM and EPROM 
I Versions \ " _ 

■ 3.6 MHz 8741 A-8 Available 

■ Expandable I/O 

■ RAM Power-Down Capability 

■ P^r 90 Instructions: 70% Single Byte 

■ Single 5V Supply 



The Intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O 
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPl devioe'te 
function as a peripheral controller in MCS-48™, MCS-80™, MCS-85™, MCS-86'^", and other 8-blt systems. 

The UPI-AIA^" has 1K words of prograrh nnenriory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041 A version or as UV-erasable EPROM in the 8741 A version. The 8741A 
and the 8041A are fully pin compatible "or easy transition from prototype to production level designs. The 8641 A is a 
one-time programmable (at the factory) 8741A which can be ordered as the first ,25 pjepes of a new^41A order. The 
substitution of 8641A's for8041A's allows for very fast turnaround.fQ| jriitlal qiE^ r9SuUs. 

The device has two 8-t>it, TTL compatible I/O ports and two tedt inputs, (hdivfduarport llnesican furrctfbn as eith» in- 
puts or outpiit^Uhddr ^crftware control. I/O ciii be expanded with the 8243 device wht(^ is direetly compatible andllas 
IS l)@'llrles'. An d^blt priogrammable titneiifSsuViter is included in the UPl device for generating timing sequences or 
counting external inputs. Additional Uf^P^^ures include: single 5V supply, low power standbyjnoett<ifl!the 8041A), 

single-step mode for debug (in the 8741A), and dual working register banks. 

Because it's a complete microcomputer, the UPl provides more flexibility for the designer than conventional LSI inter- 
(a^|9 disvices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 
i^afd scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 



Pil)l qpMFtGURATION 



•74tA 30 



□ vcc 

3 TEST 1 

□ PasfDRO 

□ Pzs/IW 

J P24'OBF 
DP17 

□ Pie 

□ Pit 
J'u 

3P13 

DP« 

npii 

□ Pio 

3VDD 

□ PROO 

□ P!3 

□ P!! 

□ P21 

□ »» 
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8041A/8641AJif41A 

UPI-41A™ FEATURES AND 
ENHANCEMENTS 



1. Two Data Bus Buffers, one for input and one for out- 
put. This allows a much cleaner Master/Slave pro- 
tocol. 



INPUT 




DATA 




BUS 




BUFFER 

(a) 





INTERNAL 
DATA BUS 




If "EN FLAGS" has been executed, P25 becomes the 
IBF (Input Buffer Full) pin. A "1" written to P25 
enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A "0" written to P25 disables the IBF 
pin (the pin remains low).|This pin can be used to 
indicate that the UPI-41A Is ready for data. 









[oBf] L_ 








ID — EE 




HE] — L_ 


C EE 






— ' IBF (INTERRUPT REQUEST) 


[iEH" 











2. 8 Bits of Status 



DATA BUS BUFFER INTERRUPT CAPABILITV 



ST, 


STj 


ST5 


ST4 


1=1 




IBF 


OBF 


°7 




D5 


Da 


Da 


02 


D1 


■=0 



EN FLAGS Op Code: 0F5H 



ST4-ST7 are user definable stafcts titts^ These bits are ' ' " 
aeMffeW tiy the "MOV smif "^^iiiie byte, single' 
2%fete iWsfrtictron. Bits i-^r w ^mburnulator ari'*"' " 
moved to bits 4^7 of the statU!Mi^i)Ster. Bits 0-3 of 
.the status) xegister are not affis^ieA^ .' t 

•'■ ■ ' MOV Sft, A dpCodKWH v-r 



-•ok; ■ 



RD and WR are edge triggered. IBF, OBF, Fi and INT 
change Internally after the traiiiqpsei^ of RD or WR. 



FLAGS AFFECTED 



RDorWR 



4. P24 and Pjg are port pins or Buffer Flag pins which 
can be used to interrupt a master processor. These 
pins default to port pins on Reset. 

If the "EN FLAGS" instruction has been executed, 
P24 becomes the OBF (Output Buffer Full) pin. A "1" 
written to P24 enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" written to P24 disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is available from the UPI- 
41A (in Output Data Bus Buttej),,-- 



P26 and P27 are port pins or DMA handshake pins for 
use with a DMA controller. These pin§ defeujitite.poft 
pinsohfteset. ... 

If the "EN DMA" instruction has been executed, P26 
becomes the DRQ (DMA ReQuest) pin. A "1" written 
to P26 causes a DMA request (DRQ is activated). DRQ 
is deactivated by DACK RD, DACK WR, or execution 
of the "EN DMA" instruction. 

If "EN DMA" has been executed, P27 becomies tfie 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. 




ll. ■ "1 K 


i\: 


DRQn 






8257 


DACK 





DMA HANDSHAKE CAPAI 



. EN DMA Op Coda: OESH 



1 1 ' 1 1 
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rmH DESCRIPTION 



Signal Daserlptlon 



UPl™ INSTRUCTION SET 
MiMmonlc Oaaertptlon 



Bytes Cycles 



□o- D7 Three-Statej bidirectional DATA BUS BUFFER lines 
(BUp) used to Interface the UPM1 A to an 8-bit master 
system data bus. 

P10-P17 8-bit, PORT 1 quasi-bidirectional \I0 lines. 

P20-P27 8-bit, PORT 2 quasi-bidirectional I/O lines. The lower 
4 bits (P20-P23) interface directly to the 8243 I/O ex- 
pander device and contain addre:is and data infor- 
mation during PORT 4-7 access. The upper 4 bits 
(P24-P27) can be programmed to provide Interrupt 
: Request and DMA Handshik» c^^Hlty. Software 
control can configure P24 as oAl?.i(Output Buffer 
Full), P25 as IBF (Input Buffer Full ), Pge a s DRQ 
(DMA Request), and P27 a« DACK (DMA 
ACKnowledge). ■ ■ 

WR- I/O write Input wtilch enables ttts imaster CPU to 
write data and command words to the UPI-41A IN- 
PUT DATA BUS BUFFER. 

^ WO read input vyhich, enables the master CPU to 

read data and status words from the OUTPUT DATA 
BUS BUFFER or status register. 

CS Chip select input used to select one UPI-41A out of 

several connected to a common data bus- 

Ajj; kddress-input iispd by the master prooessor to In- 

ilicate whether; byte transfer is dataoreommand. 

TEST 0, Input pins which can be directly tested using condi- 
TEST 1 tional branch instructions. 

J, also functions as the event timer input (under 
software control). Tj, is used during PROM program- 
ming and verification In the 8741^^. 

XTAL1, Inputs for a crystal, LC or an external timing signal 
XTAL2 to determine the internal osoHlator frequency. 

SYNC Output signal VKhlch occurs once per UPI-41A In- 
struction cycle. SYNC can be used as a strobe for 
external circuitry; it Is also used to synchronize 
single step operation. 

EA External access input which allows emulation, 

i testing and PROM/ROM verifloation. 

PROG jl9V|tlfunctlon pin used as the <^ts^irarr) pulse Input 
^wiing FROM programming. 

'During I/O expe^der access the PROG pin acts as 
an address/data strobe to the 82jit3. . 



RESET 



Input used to reset status flip-flopSt-ali^.to set the 
program counter to zero. — - 



RESET is also used during PROMprogramming and 
verification. 

SS Single step input used In the 874i A in conjunction 

1 with the SYNC output to step the program through 

! each Instruction. 

Vcc + 5V main power supply pin. 

Vdo -fSV during normal operation. +25V during pro- 

•Brammtr^ operation. Low power Standby pin in 

'ROWverston. 

Circuit ground potential. 



ACCUMULATOR 

ADD A.Rr 
ADD A,@Rr 
ADD A,*data 
ADDC A,Rr 
ADDC A,@Rr 
ADOC A,#(lal3 
ANL A,Rr 
ANL A,@Rr 
ANL A,#data 
ORL A.Rr 
ORL A.@Rr 
ORL A.lfdata 
XRL A.Rr 
XRL A.@Rr 
XRL A.Mata 
ING A 
DEC A 
CLR A 
CPL A 
OA A 
SWAP A 
RL A 
RLC A 
RRA - 
RRC A 

INPUT/OUTPUT 



Add register to A 11 

Add data memory to A . 1 1 

Add immediate to A 2 2 

Add register to A with carry 1 l'^*-' 

Add data memory to A with carry 1 T'^ 

Add immed. to A with carry 2^., 2 

AND register to A 1 1 
AND data memory, tp^ ,1 1 

AND immediate to A ' - ' ' 2 2 

OR register to A 11 

OR data memory to A 11 

OR immediate to A 2 2 

Exclusive OR register to A 1 1 

Exclusive OR data memory to A 1 '1- 

Exclusive OA immediate to A 2 I 

Increment A 1 "'^^^ 
Decreitwnt A -'1 f 

Clear A 1 1 

Complement A "■ 1 1 

Decimal Adjust A .11 

Swap nibbles of A 11 

Rotate A left 1 1 

Rotate A left Ihrougfi carry 1 1 

-HfWr* right - 1 - 

Rotate! A right through carry 1 1 



IN A.Pp 


Input port to A 


1 


2 


OUTL Pp.A 


Output A to port 


1 


2 


ANL Pp.ffdata 


ANO immediate to port 


2 


2 


ORL Pp.#data 


OR immediate to port 


2 


2 


IN A.DBB 


Input DBB to A. clear IBF 


1 


• 1 


OUT OBB A 


Output A to DBB. s^t DBF 


1 


1 


MOV STS.A 


A4-A7 to Sits 4-7 of Status 


1 


1 


MOVD A.Pp 


input Expander port to A 


1 


2 


MOVD Pp.A 


Output A to Expander port 


1 


2 


ANLD Pp.A 


AND A to Expander port 


1 


2 


ORLD Pp.A 


OR A to Expander port 


1 


2 










DATA MOVES 








MOV A.Rr 


Move register to A 


1 


1 


MOV A,@Rr 


Move data memory to A 


1 


1 


MOV A, //data 


Move immediate to A ^ , 


2 


2 


MOV Rr.A 


Move A to register 


1 


1 


MOV @Rr,A 


Move A to data memory 


1 


1 


MOV Rr.#dala 


Move immediate to register 


2 


2 


MOV @Rr.lfdata Move immediate to datajneiwi^" 




2 


MOV A.PSW/ 


Move PSW to A 


1 




MOV PSW.A 


Move A to PSW ' 


1 




XCH A.Rr 


Exchange A and register 


1 




XCH A.@Rr 


Exchange A and data memory 


1 




XCHD A,(a)Rr 


Exchange digit of A and register 


1 




MOVP A,@A 


Move to A from current page 


1 


2 


M0VP3. A.@A 


MbisWttsA from page 3 


M 


t' 


TIMER/COUNTER ,4c 






MOV A.T 


Read Timer/Counter 


1 


1 


MOV T,A 


Load Timer/(Jou:nter 


1 


1 


STRTT 


Start Timer 


1 


1 


STRT CNT 


Start Counter 


1 


1 


STOP TCNT 


Stop Timer/Counter 


1 


1 


ENTCNTI - 


Enable Timer/Counter Interrupt 


1 


t- 


OlS TCNT1 


Qisable Timer/CqunteLlntlfiUtl 

.!<(V^r - ■ - 


1 


1 
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Mnwiioiilc 


DMcrifritan ' 


BylM 


Cycles 


Mnemonic 


Detcrlplloni : . 






CONTROL 








CPLFO 


Complement Flag 


1 


1 


EN DMA 


Enable DMA Handshiika Unes 


1 


1 ,. 


CLR F1 


Clear F1 Flaa 


1 


1 


EN 1 


Enable IBF Interrupt 


1 


1 ' 


CPL F1 


Complement Flag 


1 


1 


DIS 1 


Disable IBF Interrupt 


1 


1 










EN FLAGS 


Enable Master Interrupts 


1 


1 










SEL RBO 


Select register t>ank 


1 


1 


BRANCH 








SEL RBI 


Select register bank 1 ; 


1 


1 * 


JMP addr 


Jump uncOndKiohat 






NOP 


No Operation ^ ^ 


1 


1 


JMPP @A 


Jump indirect ' ^ 


1 


2 


REQISTERS 


. , r 






DJNZ Rr, addr 
JC addr 


Decrement register and Jump ^ 
Jump on Carry= 1 


2 
2 


2 
2 


INC Rr 


Increment register ; *, 
Increment data rtiBntoy ' " ■ ' 
Decrement register ' 


1 


1 


JNC addr 


Jump on Carry= 


2 


2 


INC 18 Rr 


1 


1 


JZ addr 


Jump on A Zero 


2 


2 


DEC Rr 


1 


1 


JNZ addr 
JTO addr 


Jump on A not Zero 
Jump on 10=1 


2 
2 


2 
2 


SUBROUTINE 








JNTO addr 


Jump on T0 = 


2 


2 


CALL addr 


Jump to subroutine 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


RET 


Return 


1 


2 


JNT1 addr 


Jump on T1 = 


2 


2 


RETR 


Return and restore status 


1 


2 


JFO addr 


Jump on FO Flag = 1 


2 


2 




' J ■ i 






JF1 addr 


Jump on F1 Flag = 1 / 


. 2 


2 


FLftOS 








JTF addr 


Jump on Timer Flag = 1 , Clear Flag 


2 


2 


CLRC 


Clear Carry 


1 


1 


JNIBF addr 


Jump on IBF Flag = 


2 


2 


CPLC 


Complement Carry 


1 


1 


JOBF addr 


Jump on OBF Flag = 1 


2 


2 


CLR FO 


Clear Flag 


1 


1 


JBb^r 


Jump on Accumulator Bit 


2 


2 








-Ml A4t-|iH(, 




ti(r<w 





APPLICATIONS 



DATA 
80B5A 

ADDR 
CONTROL 



JUL 



truu 



8Q41A/ 
8741 A 

CS 
AO 

5?. 

WR 



PERIPHERAL 

DEVICES 



WR 

|8 

PORT 
BUS 



RS 



8041A/ 
8741A 



Dbb 



TO 

PERIPHEflM. 
DEVICES 



Figure 1. 8085A-8041A Interface 



Figure 2. 8048-8041A Interface 





P4 




Ps 


8243 




EXPANDER 


P6 




P7 







z 




z 


KEYBOARD 


o 


MATRIX 


u 




<o 






6 ROWS 



\7 



c 

^ ii 



PORT 2 PROG 






PORT 2 




a041An741A 


Dbb 


CONTROL 



1 



CONTROL BUS 



c C»lJ.I>llj" 



BQf HWipiXffllinER 



til ro"" 

PRINT LP. HOLD 



rWlOTOR 
DRIVERS 



SOLENOID 
DRIVERS 



PORT 2 


PORT 2 


P0RT1IPORT2 




8041A/S741A 


-■ ^ >nj ' . 


obb 


CONTROl. - - 





\ 


DATA BUS 




1 1 


s 


CONTROL BUS 





Figura 3. 8041A-8243 Keytioad Seaniwr Figure 4. 8041A Matrix Printer interface 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to yCC 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin With Respect 

to Ground O.SVto +7V 

Power pissipation ■ • • • 1-5 Watt 



Ratings'" fH'ay cause permaTOh't ramage M ttw owln. liils Is a stms 

rating only and functional operation of the device at tfiese or any ottier 
conditions above those indicated in the operationai sections of this 
specification is not implied. Exposure to absolute maximum rating con- 
. #*l9!%.'d3^*'HiS<teSd9fiLn!St^ect device faliaDMIty. 



D C. AND OPERATING CHARACTERISTICS 

Ta = °C to 70°C, Vss= OV, 8041 A: Vcc = Vdd = +5V ± 10%. 8741 A: Vcc = Vdd = + 5V ± 5% 



Symbol 


Piiraineter 


Uln 

Min. 


Max. 


1 Inll 

unii 


1 est uonaiiions 


V,L 


Input Low Voltage (Except XTAL1 , XTAL2, RESET) 


-0.5 


0.8 


V 




V,L1 


Input Low Voltage (XTAL1, XTAL2. RESET) 


-0.5 


0.6 


V 




V.H 


Input Higti Voltage (Except XTAL1, XTAL2, RESET) 


2.2 


Vcc 






V|H1 


Input High Voltage (XTAL-^,. XTAL2, RESET) 


3.8 


Vcc 


V 




Vol 


Output Low Voltage (D0-D7) 




0.45 


V 


ioi.= 2.0 mA 


VOLI 


Output Low Voltage (P10P17. P20P27. Sync) 




0.45 


V 


loL=1-6 mA 


V0L2 


Output Low Voltage (Prog) 




0.45 


V 


loL=1-0 fiA 


VoH 


Output High Voltage (Oo-D-,) 


2.4 




V 


l0H= -400mA,..^ 


VoHl 


Output High Voltage (All Other Outputs) 


2.4 




V 


loH= -50/iA 


l|L 


Input Leakage Current 'Jq, T,, RD, WR, CS, Aq, EA) 




±10 


^A 


Vss ^ V|N s Vcc 


loz 


Output Leai<age Current (Dq-D/, High Z State) 




± 10 


^A 


Vss + 0.45 £ V,N < Vcc 


Ili 


Low Input Load Current (P)oPi7, 1^20^27) 




0.5 


mA 


V|L = 0.8V 


lui 


Low Input Load Current (RESET, SS) 




0.2 


mA 


V|L = 0.8V 


■do 


Vqd Supply Current 




15 


mA 


Typical = 5 mA 


'cc+'dd 


Total Supply Current 




rzsr - 







A.C. CHARACTERISTICS ^ f' — 

TA = 0'Cto70*C, Vss=0V,8041A:Vcc=Vdd= +5V ±10%/874mVc6=Vm)='"4^*fi* 
DBB READ 



Symbol 


Parametw 


Min. 


Max. 


Unit 


Test Conditions 


»AR 


SS, Ao Setup to Pil|( , 







ns 






C5, Ao Hold After RDl 







ns 






RD Pulse Width 


2S0 




ns 




•ad 


CS, Ao to Data Out Delay 




■ 


ns 


Cl=i50pf qvT 


*RD 


RDl to Data Out Delay 




. ,225 


ns 


Cl=150 pF 


toF 


RDt to Data Float Delay 




100 


ns 




*CY 


Cycle Time (Except 8741A-8) — - 


- 2:5^", 


15 


lis 


6.0 IVIHz XTAL 


*CY 


Cycle Time (8741A-8) 


4.17 


- ^'15 




3.6 l«1Hz XTAL 



DBB WRITE 



SymiMl 


ParaMMter 


Min. 


Max. 


Unit 


Test Conditions 


'aw 


CS; Ao Setup foWRl 







ns 




'WA 


C§, Ao Hold After WRt 







ns 




'ww 


WR Pulse Width 


250 




ns 






Data Setup to W^t 


150 




ns 




*W0 


Data Hold After WRt 







ns 
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WAVEFORMS 



1. READ OPERATION-DATA BUS BUFFER REGISTER. 



a OH Ac 



X 



< 



-- DATA VALID- 



> 



.■:ic\' 'i^(H : , 7.-; ^ 

(READ CONTROL) 



2. WRITE OPERATION— DATA BUS BUFFER REGISTER. 



K 



(WRITE CONTROLI 



WilCAl;>«04!ll8741A CURfllNT 




TEIIPTO 



ootaeA 



8041A/8641A/8741A 



A.C. CHARACTERISTICS- PO RT 2 

TA = 0°Cto70°C, 8041A: Vcc= + 5V + !0%,8741A; Vcc= +5V ±5% 



.■i" JiA nV J^ 



Symbol 


Paramotttr 


MIn. 


Max. 


Unit 


Test Conditions 


tCP 


Port Control Setup B6forG Ffllling 
Edge of PROG 


110 








tpc 


Port Control Mold After Falling 
Edge of PROG 


100 , 




ns 




tPH 


PROG to Time P2 Input Must Be Valid 




810 - 


ns 




tPF 


Input Data Hold Time 





160 J 






tOP 


Output Data Setup Time 


250 




ns 




tPD 


Output Data Hold Time 


65' "" 




ns 




tPP- 


PROG Pulse Width " 


1200 




ns 





PORT 2 TIMING 



'■'•'.it 



EXPANDER 
PORT 



EXPANDER 
PORT 



PORT 2o.3 DATA 



DC 



PORT 2o-3 DATA 



A.C. CHARACTERISTICS— DMA 



P0RTCGMtfl9L W OUTMTDATA 



Symbol 


Pitramat«r 


MIn. 


Max. 


Unit 


TestGpndltlons 


*ACC 


DACK to WR or"fiD 







ns 


' ■ ^- ' 


*CAC 


RDorWRtoDSCK 







ns 




'acd 


DACK to Data Valid 




225 


ns 




•CRQ 


RD or WR to DRQ Cleared 

1 ^ ...i) '-^ — ' 




200 


ns 





WAVEFORMS— DMA 

iSIBR 



v 



I 



~ X ""° ) C 
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CRYSTAL OSCILLATOR MODE 



DRIVING FROM EXTERNAL SOURCE 



< IS pF I 
(INCLUDES XTAL, ^ 5 
»0Cl<ET,8TIIAY) T T- 



i:-25pF 

(INCLUDES SOCKET, 

STRAV) i 

cmvrAL scmn resistance should se <nB at * mhc <iM)a at 3.6 mhe- 



47IIS 



- BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN. 

ROtSTORS fO.«g»A(MNEEOED TO ENSURE Vm > SJVi 

_iir.Tn.ciRcuiTi(r«weD. 



LC OSCILLATOR MWI 



_L_ jC_ NOMINAL t 

4Sj^H 20 pF 5.2 MHz 

120|iH 20pF 32MHI 




1 ,_ 
" irVLC 

C4-3Cpp 



Cpp = 5 - 10 pF PIN-TanN 
CAPACITANCE 



EljmJS jSHOULD BE APPROXIHATELV » pF. INCLUDINS STRAY CAPACITANCE. 



PROGRAMMING, VERIFYING, AND 
iRASINQ THE 8741A ePHOM 

Programming Verification 

In brief, the programming process consists of: activating 
the progrsm mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each vrard is programmed completely before moving on to 
the Jtext and is followed by a verification step. The follow- 
ing Is a Mtt of the pins used for programming and a descrip- 
tion of their functions: 



Pin 


Function 


XTAL1 


Clodc Input (1 t»<eMH2l 


Reset 


Initialization and Address Latching 


TestO 


Selection of Program or Verify Mode 


EA 


Activation of Program/Verify Modes 


BUS 


Address and Data Input 
Data Output During Verify 


P20-1 


Address input 


Vdd 


Programming Powtr%ippiy 


PROG 


Program Pulie Input 



WARNING: 

An attempt to program a missocketed 8741A will result in severe 
damage to the part. An indication of a pr^pefly.ft^keted part is th9 
appearance of the SYMC clock output. The lack of this clock may 
be used to disable the programmer, 

The Program/Verify sequence is: ' 

1. - AQ=0V,ra = 5V, ea = 5v,reS1T = ov. testo = sv, 

Vqq = 5V, clock applieid or internal oscillator operating, 
~BUS and PROG floating. 

2. Insert 8741 A in programming socket 

3. TEST = Ov (select program mode) 

4. EA = 23V (activate program mode) , ^ 

5. Address applied to BUS ^nd P20-1 

6. RESET = Sv (latch address) 

7. Data applied to BUS 

8. V QQ = 25v (programm ing power) 

9. ' PROG '=^0v fdlovradby onefiQmpulwC) 23V 
ia Vdo = Sv 

11. TEST - 5v (verify mode) 

12. (yKi.afKl.varifV'daa on BUS 

13. tESTO*(fc 

14b REKT = Ov and repeat from step 5 

16. Programmer should lie at condition! of itap 1 when 
8741 A -is removed from socket. 
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8041 A/8641 A/8741 A 



should be placed over the 8741A window to prevent 
unlntentM^lraaiii'M*' fiv. ir-: - . mW 

The ra&ommeiiidedeiasBra procedure fW'ttla^8741)^lft:fs 
exposure to shortwave ultraviolet light which has a 
waveierfgth of 2537 A. Tttrmragmted dose (i.e., UV inten- 
sity x exposure time) for erasure'' fhould be a (ninimuin 
of 15 w-sec/cm^. The erasure tlmewltfi'tfiiFaoaage Is 
approximately 15 to 20. minutes using an ultrawiotett 
lamp with a 12,000 |iW/cm^ power ratlMgrThe S741A 
should be placed within one Inch of th»lamp tub&''ililir- 
Trig l^Wa Some lamps have a"finer on their tutiBa 
which should be removed before' erasure. 



A.C. TIMING SPECIFICATION FOR PROGRAMMING 

%.*-»^C ±S'Gr Vcc = 5V ± 5%. Vdo f ^SV ± 1 V 7 , — 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


tAW 


Address Setup Time to RESET t 


4tcy 








tWA 


Address Hold Time After RESET 1 


4 icy 








tow 


Data in Setup Time to PROG t 


4tcy 








two 


Data in Hold Time After PROG 1 


4tcy 








ipH 


RESET Hold Time tp Verify 


4tcy 






. . — i- ~ 


tVDDW 


Vdd Setup Time to PROG t 


4icy 








tVDOH 


Vdd Hold Time After PROQ t 











tPW 


Program Pulse Width 


50 


60 


mS 




tTW 


Test Setup Time for Program Mode 


4tcy 








tWT 


Test Hold Time After Program Mode 


4tcy 








too 


Test to Data Out Delay 




4icy 






tww 


RESET Pulse Width to tatch Address 


4tcy 








tr, tf 


Vdd and PROG Rise and Fall Times 


0.5 


2.0 


MS 




tCV 


CPU Operation Cycle Time 


5.0 




MS 




tRE 


RESET Setup Tirne Before EA t. 











Not*: It TEST Is high, Iqo trluaered t/ RESET t 



8741A Erasure Characteristics 

The erasure characteristics of the 8741A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have Wavelengths In the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8741 A In approximately 3 years while It would take ap- 
proximately one week to cause erasumttvsn exposed 
to direct sunlight. If the8741A is to be exposed to these 
types of lighting conditiorts for extended periods of 
time, opaque labels are available from Intel which 



D.C. SPECIFICATION FOR PROGRAMMING 

Ta = 25°C ±5'C, Vcc = 5V ±5%,y^=_26V ±1V 



Symbol 


Parameter 


ll«in. 


Max. 


Unit 


Test Condition* 


Vdoh 


Vdd Program Voltage High Level 


24.0 


26.0 


V 




Vddl 


Vdd Voltage Low Level 


4 75 


5 25 


V 




VPH 


PROG Program Voltagi; High L -.:. 


21 5 


24.5 


V 




VPL 


PROG Voltage Low Lewel 




0.2 


V 




Veah 


EA Program or Verify Voltage High Level 


21.5 


24.5 


V 




Veal 


EA Voltage Low Level 




5.25 


V 




Iqd 


Vdd High Voltage Supply Current 




30.0 


mA 




IPROG 


PROG High Voltage Supply Current 




16.0 


mA 




lEA 


EA High Voltage Supply Current ' ' 


■I'M.' fli 




' mA 
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I^VeFORMS for PROGflMiflMING 



,?COMBIHAmOnri^ROGRAM/VERm%iHK>liet(ePROM'S ONLY) 

-. ■>• ■':.:.:'.v vtwtiv'i. 
- atJ ' ' ~~~~ 



: . .lfi.r,i ■••?)-iorte - 
' e/on sc! bluone h 



PROGRAM 



D80-OB7 

ant.' 



/ ADDRESS \/ 
~ \ IO-7)VALIIj ^ 



DATA TO BE 
PROGRAMMED VALID 



(.AST 
- -ABBRESS- 



X 



ADDRESS :i»-9] vm.rD 



- — |— -IWDOW 



+23- 



■I M-l'Irl ■l.:-r.t4& ,..::Ht 



— too — H 



\__ ^ \y DATA \__ _/ NEXT AOOR \/^ 



X 



NEXT 
ADDRESS 



03 



1 );,- - ^ 



VERIFY MODE (ROM/EPROMI 



\ 



DB0-DB7 



XDATA OUT \^ 
/ A. 



NEXT 
ADDRESS 



XNEXT DATA \^ 
OUT VALID 



ABORESS<8-9l VALID ^"^^ ^ 



m^T ADDRESS VALID 



NOTES: 

1. PROO MUST FLOAT IF EA IS LOW (Lr, <23V), OR 11^10 = 5V FOR THE S741*. FOR THl 
a041A PROQ MUST ALWAYS FLOAT. 

2. XTAL1 AND XTAL 2 DRIVEN SY 3.S MHz CLOCK WILL GIVE 4.17 „s>c tf;^. THIS IS ACCEPT- 
ABLE FOR 8741A 8 PARTS AS WELL AS STANDARD PARTS 

3. AO MUST BE HELD LOW (L«., = OV) DURING PROGRAMnrERIFY MODES. 



:Eti8 8744A EPROM can be proJitii?f»Sj by either of two 
Intel products: ^ 



1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP series) peripheral _ 

of the intellect Development System with a UPP-848 t U-i jT.i 

Personality Card. — - - - — l — 
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Support Products 
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MODEL 225 



INTELLEC®SERIES 11/85 



MICROCOMPUTER DEVELOPMENT SYSTEM 



■ Complete microcomputer development 
system for NICS -86, MCS*-|b, 
MCS'>-80, and MCS'-48 
microprocessor families 

■ High performance 8085A-2 CPU, 
64K bytes RAM memory, and 
^%ytes ROM memory 

W^'^lf-test diagnostic c'apetbiHty 



Built-in interfaces for high speed paper 
tape reader/punch, printer,^and univer- 
sal PROM programmer _ 



Integral 250K byte floppy disk drive 
with total storage capacity expandable 
to over 2M bytes of floppy disk storage 
and 7.3M bytes of hard disk storage 

Powerful ISIS-II Disk Operating System 
with relocating macroassembler, 
linker, locator, Und CRT bailed editor 
CREDIT "f"'^ ^' " "Z^ 

Supports PL/M, FORTRAN, BASIC, 
PASCALandCOBOL high levefi es ly 

Software compatible with previous 

Intellec' systems 



The Intellec Series 11/85 Model 225 Microcomputer Development System is a performance enhanced, com- 
plete microcomputer development system integrated into one compact package. The Model 225 includes 
a CPU mih 64K bytes of RAM, 4K bytes of ROM. a 2000-Gharacter CRT, detachable full ASCII keyboard with 
cursor controls and upper/lower case capability, and a 250K-byte floppy disk drive. Pov\/erful ISIS-II Disk 
Operating System software allows the Model 225 to be used quickly and efficiently for assembling and 
debugging programs for Intel's MCS-86, MCS-85, MCS-80, or MCS-48 microprocessor families. ISIS-II per- 
forms all file handling operations for the user, leaving him free to concentrate on the details of his own 
application. When used with an optional in-circuit emulator (ICE"') module, the Model 225 provides all of 
the hardv\/are and software developraent tools necessary for the. rj^jd de.veio|iraerit of a mlcrocomjiuier- 
based product. Optional storage-peripherals provide over-lji^tiiii'^i^ijttl^tlf^dtsk,,, and 7.3.m.iIljethiof 
hard disk storage capacity. ' 




The following are trademarks of Intel Corporation and may be used oniy to identify Intel prddUctsTSXP, Intellec. Multibus, i, iSBC, Multrrtiddule. ICE. iSBX. PROI^PT. iCS. Library 
Manager: Promware, InsHe, MCS, RMX, Intel. r/egact>assls, UPl, Intelevlsion. fA\<:rotnap, i^Scope aiid the combination of ICE. ICS. ISBC. ISBX. MC5. or RMX and a numerical 
suffix. » 

® Intel CorporaUon 1980 llKl 121599-001 Rev. A 
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FUNCTIONAL DESCRIPTION 

Hardware Compiopents 

The Intellec Series 11/85 Model 225 is a highly- 
integrated microcomputer development system 
consisting of a CRT chassis with a 6-slot cardcage, 
power supply, fans, cables, single floppy disk 
drive, and two printed circuit cards. A separate, 
full ASCII keyboard is connected with a cable. 
A block diagram of the Model 225 is shown in 
Figure 1. 



high technology LSI components. Known as the 
integrated,.processor card (IPC), it occupies the 
first slot in Mje cardcage. A second slave CPU card 
is responsible for all remaining I/O control 
including the CRT and keyboard' ifHerface. This 
card, mounted on1h«'rgar paneR®S&'Whtair»S its 
own microprocessor, RAM and ROM memory, and 
I/O interface logic, thus, in effect, creating a dual 
processor environment. Known as the I/O con- 
troller (IOC), the slave CPU card communicates 
with the over an.Sflil^l^jr^Uorial d^tst^jsi^^ 



CPU Cards — TItfe master GBU card contains its 
own microprocessor, memory, l/Q,Joterrupt and 
bus interface circuitry implemented with Intel's 



Expansion — Five remaining slots in the cardcage 
are available for system expansion. Additional 
expansion of 4 slots can be achieved through the 
addition of an Intellec Series II expansion chassis. 




BUS 
CONTROLLEH 
8219 




PRIORITY 




SYSTEM 




8080A.2 




8085A-2 




BIDIRECTIONAL 




RESOLUTION 




CLOCKS 




CPU 




CPU 




DRIVER 



8257 
DMA 



8228 
SYSTEM 
CONTROLLER 



8253 
INTERVAL 
TIMER 



8011 A 
CPU 



8271 
FLOPPY 
CONTROLLER 



8275 
CRT 

conthouer 



:? 



TAPE 
PUNCH 



TAPE 
READER 



Figure 1 . Intellec Series H/SS Model 225 Microcomputer Development System BloctelQiagram 
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System Components 

The heart of the IPC is an Intel NMOS 8-bit micro- 
processor, the 8085A-2, running at 4.0 MHz. 64K 
bytes of RAM memory are provided on the board 
using 16K RAMs. 4K of ROM is provided, pre- 
programmed with system bootstrap "self-test" 
diagnostics and the Intellec Series 11/85 System 
Monitor. The eight-level vectored priority inter- 
rupt system allows interrupts to be individually 
masked. Using Intel's versatile 8259A interrupt 
controller, the Interrupt system may be user pro- 
Qfammed to respond to Individual needs. 

Input/Output 

IPC tertal Channels — The I/O subsystem in the 
Model 225 consists of two parts: the 100 card and 
two serial channels on the IPO Itself. Each serial 
channel is RS232 compatible and Is capable of run- 
ning asynchronously from 110 to 9600 baud or syn- 
chronously from 150 to 56K baud. Both may be 
connected to a user defined data set or terminal. 
One channel contains current loop adapters. Both 
channels are implemented using Intel's 8251A 
USART. They can be programmed to perform a 
variety of I/O functions. Baud rate selection is 
accomplished through an Intel 8253 interval timer. 
The 8253 also serves as a real-t me clock for the 
entire system. I/O activity through both serial 
channels is signaled to the system through a 
second 8259A interrupt controller, operating in a 
polled mode nested to the primary 8259A. 

IOC Interface — The remainder of system I/O 
activity takes place in the IOC. The IOC provides 
interface for the CRT, keyboard, and standard 
Intellec peripherals including printer, high speed 
paper tape reader/ punch, and uniyersal PROM 
programmer. The IOC contains its own independ- 
ent microprocessor, an 8080AT2k<jteiSPU controls 
all I/O operations as well as supervising 
communications with the IPC, 8K bytes of ROM 
contain all I/O control firmware. 8K bytes of RAM 
are used for CRT screen refresh storage. These 
do not occupy space in Intellec Series II main 
memory since the IOC is a totafiy;, independent 
microcomputer subsystem. 

Integral CRT 

Display — The CRT is a 12-inch raster scan type 
monitor with a 50/60 Hz vertical scan rate and 
15.5kHz horizontal scan rate. Controls are pro- 
vided for brightness and contrast adjustments. 
The interface to the CRT is provided through an 
Intel 8275 single-chip programmable CRT con- 



troller. The master processor on the IPC transfers 
a character for display to the IOC, where it is 
stored in RAM. The CRT controller reads a line at a 
time into its line buffer through an Intel 8257 DMA 
controller and then feeds one character at a time 
to the character generator to produce the video 
signal. Timing for the CRT control is provided t>y 
an Intel 8253 interval timer. The screen display is 
formatted as 25 rows of 80 characters. The full set 
of ASCII characters is displayed, including lower 
case alphas. 

Keyboard — The keyboard interfaces directly to 
the IOC proeessor via an §-il?it( (Jaja b^Sk^lhe 
keyboard contains an Intel UPI-4?* Untversal 
Peripheral Interface, which scans the keyboard, 
encodes the characters; . and buffers the 
characters to provide N-key rollover. The 
keyboard itself is a high quality typewriter style 
keyboard containing the full ASCII character set. 
An upper/lower case switch allows the system to 
be used for document preparation. Cursor control 
keys are also provided. 

Peripheral Interface ''^^'^ 

A UPI-41 Universal Peripheral Interface on the l6C 
board provides interface for other standard 
Intellec peripherals including a printer, high 
speed paper tape reader, high speed paper tape 
punch, and universal PROM programmer. Com- 
munication between the IPC and IOC is maintamed 
over a separate 8-bit bidirectional data bus. Con- 
nectors for the four devices named above, as well 
as the two serial channels, are mounted directly 
on the IOC itself. 

Gontrol 

User control is maintained through a front panel, 
consisting of a power switch and indicator, 
reset/boot switch, run/halt light, and eight inter- 
rupt switches and indicators. The front panel cir- 
cuit board is attached directly to the IPC, allowing 
the eight interrupt switches to connect to the 
primary 8259A, as well as tei th«,JnJs^.iS|p,Ser.i@s II 
bus. 

Integral Floppy Disk Drive 

The integral floppy disk is controlled by an Intel 
8271 single chip, programmable floppy disk con- 
troller. It transfers data via an.ln^pl £257 OMA con- 
troller between an IOC RAM buffer and the 
diskette. The 8271 handles reading leeid writingiof 
datav4ormatting diskettes, and rsadibg-stetuSiiall 
upon appf<^iatt^#Qannands from thg> IOC 
microprocessor. 
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MODEL 225 



MUik^lBUS? Interface CapabiKty 



All Intellec Series 11/85 models implement the 
industry standard MULTIBUS protocol. Ttie 
MULTIBUS protocol enables several bus masters, 
such as CPU and DMA devi^^&t^ftb iShare the bus 



and memory by operating at different priority 
levels. Resolution of bus exchanges is syn- 
chronized by a bus clock signal derived 
independently from processor clocks. Read/write 
transfers may take place at rates up to 5 MHz. The 
bus structure Is suitable for use with any Intel 
microcomputer family. 



SPECIFICATIONS 



Host Processor (IPC) 

8085A-2 based, operating at 4.0 MHz. 

RAM — 64K on the CPU card 

ROM — 4K (2K in monitor, 2K in boot/diagnostic) 

Bus — MULTIBUS™ bus, maxlmuin transfer rate 

of 5 MHz 

Clocks — Host processor, cry^m eontrolled at 
4.0 MHz, bus clock, crystal controlled at 9.8304 
MHz 



I/O Interfaces 

Tvi/o Serial I/O Channels, RS232C, at 110-9600 baud 
(asynchronous) or 150-56K baud (synchronous). 
Baud rates and serial format fully programmable 
using Intel 8251A USARTs. Serial Channel 1 addi- 
tionally provided with 20 mA current loop. Parallel 
I/O interfaces provided for paper tape punch, 
paper tape reader, printer, and UPP-103 Universal 
PROM Programmer. n . i • 



Memory Ili0iee^ Time 

RAM — 470 ns max 
PROM — 540 ns max " 



;;:ii;.rioCi . 



litegral Floppy Disk Drive 

Floppy Disk System Capacity — 

250K bytes (formatted) 
Floppy Disk System Transfer Rate — 

160K bits/sec 
Floppy Disk System Access Time — 

Track to Track: 10 ms max 
Average Random Positioning: 260 ms 
Rotational Speed: 360 rpm . . - . 
Average Rotational Latency: 83 ms 
Recgrdjng.Mode: FM , ^ , ^ ■*jt.h. 



Physical Ciiaracteristics 



Iff tempts 



S-fiS/^l.'niirsk'atJte, nested priority interrupt net- 
work initiated from front panel or user selected 
devices. 



CHASSIS 

Width — 17. 37 in. (44.12 cm) 
Height — 15.81 in. (40.16 cm) 
Deptti — 19.13 In. (48.59 cm) 
Weight — 73 lb. (33 kg) 



Direct Memory Access (DMA) 

Standard capability on MItLlfliSJih interface; 
implemented: for liiser selsctelurfiiMA devices 
tt^ul^ioptetial DMA module— maxTOum transfer 
rate of 5 MHz. 



KEYBOARD c 1T 

Width — 17.37 In. (44.12 cmj. ' • -i .v 
Meight— 3,0in.(7.62cm)'^8 f ssri. 'H'-. 
Depth — 9.0 in. (22.86 cm5i--iO ^i1.' c>. 
Weight — 61b. (3 kg) ■ oi-1> ;ic il? 
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Electrical Characteristics 



DC POWER SUPPLY 







Typical 


Volts 


Amps 


System 


Supplied 


Supplied 


Requirements 


+ 5 ±5% 


30.0 


17.0 


+ 12±5% 


2.5 


1.1 


-12 ±5% 


0.3 


0.1 


-10 ±5% 


1.0 


0.08 


+15 ±5%* 


1.5 


1.5 


+ 24 ± 5%* 


1.7 


1.7 



*Not available on bus. 



AC REQUIREMENTS FOR MAINFRAME 

110V, 60 Hz — 5.9 Amp 
220V, 50 Hz -3.0 Amp 



Environmental Characteristics 

Operating Temperature — 1 6°C to 32°C 

(erptoQO'F) 

Humidity — 20% to 80% 



Equipment SitppMiid 

Model 225 Chassis including: 
Integrated Processor Card (IPC) 
I/O Controller Board (IOC) 
CRT 

ROM-Resident System Monitor 
Detachable l<eyboard 

ISIS-II System Disl<ette with MCS-80/MCS-85 

Macroassembler 
ISIS-lt CREDIT Diskette CRT-Based Text Editor 

Documentation Supplied 

A Guide to Microcomputer Development Systems, 
9800558 

Intellect Series II Model 22X/23X Installation 
Manual, 980tM 

ISIS-II System User's Guide, 9800306 

Intellec' Series II Hardware Reference Manual, 

mom 

8080/8085 Assembly Language Programming 
Manual, 9800301 

ISIS-II 8080/W^ Am^mUer Operator's Matm^ 
9800292 

Intellect Series II Systems Monitor Source 
Listing, 9800605 

Intellec' Series II Schematic Drawings, 9800554 

ISIS-II CREDIT (CRT-Based Text Editor) User's 
Guide, 9800902 

Additional manuals may be ordered from any Intel 
sales representative or distributor office, or from 
Intel Literature Department, 3065 Bowers Avenue, 
Santa Clara, California 95051 . 



ORDERING INFORMATION 

Part 

Number Description 

MDS-225* Intellec Series 11/85 Model 225 
Microcomputer 

Development System (110V/60 Hz) 

MDS-228* Intellec- Series 11/85 Model 226 
Microcomputer 

Development System (220V/50 Hz) 



'"¥DS" is an ordering code only, and is not used as a product 
name or trademark. MDS' is a registered trademark of 
Motiawk Data Sciences Corp. 
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IINTELLEC PROMPT 48 
MCS-48 MICROCOMPUTER DESIGN AID ' 



Complete low cost design aid and 
EPROIVI programmer for rijiojiitlonary 
MCS-48 singiis componentsipoiQputers 

Simplifies microcomputing, allowing user 
to enter, run, debug, and save machine 
language programs with calculator-lilte 
ease 

Utilizes two removable 8-bit MCS-48 
CPUs 

— 8748 CPU with erasable, reprogram- 
mable on-chip program memory 

— 8035 CPU w^th off-^ip program 
memory 

1K-byte erasable, reprogrammable on- 
chip (8748), expandable program mem- 
ory, 1K-byte RAM in PROMPT system 

64 bytes RAM on-chip, expandable 
register memory 



256 bytes expandable RAM data memory 
in PROMPT system 

27 on||;hi£ TTL com^tible expandable 

MOiiWipifeirt s ni— a*''i e^j' J' ■ 

• ■' s»ii;5r<e /'•30lis>r.i 9}3a-|i;:, . c..- ■ 

On-chip clock, internal timer/event 
counter, two vectored interrupts, eight 
lev^^t 



Single -i-5V DC system power 
requirement 



Integral keyboard and displays (no tele- 
typewriter or CRT terminal required) 

Extensive PROMPT 48 monitor, allowing 
system I/O, bus, and memory expansion 

Includes comprehensive design library 



The Intellec Prompt 48 MCS-48 Microcomputer Design Aid is a iow cost, fuliy-assembied design aid for tlie revolu- 
tionary 8748 single component microcomputer. PROMPT 48 simplifies the programming of MCS-48 systems — pro- 
grams may be entered and debugged with calculator-like ease on the large, informative display and keyboard panel. 
The comprehensive design library with tutorial manual is ideal for newcomers to microcomputing. PROMPT 48's 
panel connector allows easy access to I/O ports and system bus. Thus users can expand program memory beyond the 
1K bytes provided Internally. 
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FEATURES 

Single Component Computf r 

The 8748 is the first rolcrocompulif'Yutty integrated on 
one cpmponent. Ali elements of ac0m{>uting system are 
provided, including CPU, RAM.WiMMrrtnterrupts, and 
erasabie, reprogrammable nonvolat4te'-pr6gram memory. 

Programming Soclcet 

PROMPT'S programming socket programs this revolu- 
tionary "smart PROM"— ttie 8748— in a tiigtily reliable, 
convenient manner. A fail-safe interiocl< ensures ttie 
device is properly inserted before appiying program- 
ming pulses. Eacfi location may be individually pro- 
grammed, one byte at a time. A read-before-write 
programming algorithm prevents device damage by 
inadvertently prograniming unerased memory. 

MCS-48 Processors 

The execution socket accepts either an 8035 or an 8748 
MCS-48 processor. Both are supplied with each 
PROMPT 48, and either can serve as heart of the 
PROMPT system. There are no processors within the 
PROMPT 48 mainframe, which instead contains monitor 
ROM and RAM, user RAM, peripherals, drivers, and 
sophisticated control circuitry. Once a processor is 
seated in the execution socket and oower is applied, the 
PROMPT system comes to life. Various access modes 
may be selected such as program execution from 
PROMPT system RAM, or from on-cnip PROM. Thus pro- 
grams may first be executed from PROMPT RAM with 
the 8035 processor. When debugging is complete, the 
8035 (execution socket) processor can program the 8748 
(programming socket) processor. Finally, a programmed 
8748 processor may be exercised by itself from the 
execution socket. The execution socket processor runs 
either monitor.ipF. i($er program^.- b??^ 

System IMonitor 

The system reset command initializes the PROMPT 
system and enters the monitor. The monitor interrupt 
command exits a user program gracefully, preserving 
system status and entering the monitor. The user inter- 
rupt command causes an interrupt only if the PROMPT 
system is running a user program. A comprehensive 
system monitor resides in four IK-byte read only 
memories. It drives the PROMPT keyboard and displays 
and responds to commands and functions. The top 16 
bytes of on-chip program memory must be used by the 
PROMPT system to switch between monitor and user 
programs. It requires one level of the MCS-48 eight-ievel 
stack. 

Commands 

PROMPT 48's commands are grouped and color-coded 
to simplify access to the 8748's separate program and 
data memory. Registers, data memory, or program mem- 
ory, may be examined and modified with the examine 
and modify commands. Then either the next or previous 
register and memory locations may be accessed with 
one keystroke. Programs may be exercised In three 
modes. The go no break (GO NO BREAK) runs in real 
time. The go with break (GO WitH mim mode Is not 



real time — after each instruction the MCS-48 program 
counter is compared against pending breakpoints. If no 
break is encountered, execution resumes. The go single 
step (GO SINGLE STEP) mode exercises one instruction 
at a time. Commands are like sentences, with param- 
eters separated by CD NEXT. Each command ends with 
ra EXECUTE/END. In addition to the PROMPT basic 
commands, thirteen functions simplify programming. 
Each is started merely by pressing a hex data/function 
key and entering parameters as requtred, as shown in 
Table 1. 
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Cable Interface 

An optional cable, PROMPT-SER, directly connects the 
PROMPT system to virtually any ^enttt^Nd via a rear 
access slot. 



Hir,'. 



Key 


Function 


Opwatlon 


[2] 


Port 2 map 


Allows specification of direction of each pin 
on port 2. Port 2 is multiplexed to address 
external program memory and expand I/O. 
Thus it must be buffered; the P2 map com- 
mand establishes the directton of buffertng. 


[3] 
S 


Program EPROM 
Byte search 
(with optional 
mask) 


Programs 8748 EPROMs 
Sweeps through register, data, or program 
memory searching for byte matches. Start- 
ing and ending memory addresses are spe- 
cified. 


[H 


Word search 
(with optional 
mask) 


Sweeps through register, data, or program 
memory searching for word matches. Start- 
ing and ending memory addresses are spe- 
cified. 


H 


Hex calculator 


Computes hexadecimal sums and differ- 
ences. 


S 


8748 program 
for debug 


Similar to program EPROM, but ensures that 
the top of program memory contains moni- 
tor re-entry code for debugging. 


B 


Compare 


Verifies any portions of EPROM program 
memory against PROMPT memory. 


a 


Move memory 


Allows blocks of register, data, or program 
memory to be moved. 




Access 


Specifies one of six access modes for PRO- 
MPT 48. For example EPROM. PROMPT 
RAM, or external program memory, and a 
variety of input/output options may t>e 
selected. 


a 


Breakpoint 
Clear 


Allows any or all of the eight breakpoints to 
be set and cleared. 

Clears portions of' regfsier.'Sly, or program 

memory. 




Dump 


Dumps register, data, or program memory to 
PROMPT S serial channel- for example, a 
teletypewriter paper tape punch. 


[1 


Enter 


Enters (reads) register, data, or program 
memory from PROMPT'S serial channel. 




Fetch 


Fetches programs from EPROM to PROMPT 
RAM. 



Table 1. PROIMPT 48 Commands and Functions 



Access 

Easy access to the pins of the executing processor Is 
pr<)yided vfaiWe I/O ports and bus connector. Only the 
EA external access, SS single step, and Xt, X2 clock 
inp«te aref'l3Bfisefys*ft» ttie PPOMPT system. 

Expansion p:Trr,; ^ 

Program or data memory m§y be expanded beyond that 
provided on-chip or in the PROMPT system. I/O ports 
may be expanded, as with the 8243, or peripheral con- 
trollers may be memory-mapped. The I/O ports and Bus 
connector allows the execution socket processor to be 
directly interfaced to prototype systems, yet be con- 
trolled from (hie'«iPMWjS«i«.''"' --J^IU 



Control 

The command/function group panel kOifbomd and dis- 
plays completely control PROMPT 4*— a t«*etypewriter 
or CRT terminal Is not needed. A hyplien prompting 
character appears whenever a command or function can 
be entered. Addresses and data are shown whenever 
examining registers and memdfy. Parameters for com- 
mands and functions are also shown. 





prompt A^B 
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FUNCTIONAL DESCRIPTION^ 

"PROMPT' stands for PROaraMfnlng Tool. It Is a pro- 
grammer for 8749, EPROMs, and a versatile aid for 
debugging MQ^^srograms, Rrosfrsms can be entered 
via Itsiiitegral panel keyboant^ pR^rammlhg socket, or 
serial channel. Almost any terminal cathbe Interfaced to 
the serial channel, Including a teletypewi^ter, CRT, or an 
Intellec microcomputer development system. Intellec 
PROMPT 48 simplifies the programming of MCS-48 
systems. Like the 8748 it Is radically new, highly in- 
tegrated, and expandable. Like the MCS-48 family, It is 
low cost, and Ideal for small applications and programs. 
It Is a design aid, not a development system with 
sophisticated software and peripherals.'' 

MCS-48 Processors 

PROMPT 48 comes complete With two of Intel's revolu- 
tionary MCS-48 processors: an 8748-4 Single Compo- 
nent 8-Bit Microcomputer and and 8035-4 Single Compo- 
nent 8-Bit Microcomputer. Advances In n-channel MOS 
technology allow Intel, for the first time to integrate Into 
one 40-pin component all computer functions: 
8-blt CPU '".H i 

1Kx 8-bit EPROM/ROM program miemory 
64 X 8-bit RAM data memory ' 
27 input/output lines , , ^, 

8-blt timer/event counter ! ! 

Performance — More than 90 instructions — each one 
or two cycles — make the single chip MCS-48 equal in 
performance to most multi-chip microprocessors. The 
MCS-48 is an efficient controller and arithmetic pro- 
cessor, with extensive bit handling, binary, and BCD 
arithmetic instructions. These are encoded for 
minimum program length; 70% ari3 single byte opera- 
tion codes, and none is more than two bytes. 
Flexibility — Three interchangeable, pin-compatible 
devices offer flexibllity and low cost in development and 
production, as follows: 

8748 — w<thouser-^ogrammabl«i#l!ltllSC8sable EPROM 

program memory for prototjipeaistid (pn-productions 

systems. • ' ( .3^ jaar.c.i 

8048 — with <^tory'frdgramme«lliti«ato|<OM memory 

for low-cost, high volume product^; 

803S — without program memory, for use with external 

program memories. 

Circuitry — Each MCS-48 processor operates on a 
single -^5V supply, with internal oscillator and clock 
driver, and circuitry for interrupts and resets. Extra cir- 
cuitry Is in the 8048 ROM proci^sor to allow low power 
standby operation. The 64 x 8 I^M data memory can be 
independently powered. , . 



Compatibility — For systems requiring additional com- 
patibility, the MCS-48 can be expanded with the new 
8243 I/O expander, 8155 I/O and 256-byte RAM, 8755 I/O 
and 2K-byte EPROM, or 8355 I/O and 2K ROM devices. 
MCS-48 processors readily interface to MOS-8IV85 
peripherals and standard memories. 

Memory Capacity 

PROMPT 48 is a complete, fully assembled and powered 
microcomputer system including program memory, data 
memory, I/O, and system monitor beyond that available 
on MCS-48 single component computers. 1K bytes of 
PROMPT system RAM serve as "writable program mem- 
ory" — a ROM simulator for the program memory on 
each MCS-48 computer. 256 bytes of PROMPT system 
RAM serve as "external data memory," beyond the 64 
register bytes on each MCS-48 computer. Users may fur- 
ther expand program or data memory via the panel I/O 
ports bus connector. 

Programming 

Programs written first In assembly language, are 
entered in machine language and debugged with 
calculator-like ease on the large, informative display 
and keyboard panel. Most MCS-48 operations can be 
specified with only two keystrokes. Once entered, 
routines can be exercised one instruction (single step) 
or many Instructions at a time. The principal MCS-48 
register — the accumulator — is displayed while single 
stepping. Programs can be executed In real time (GO 
NO BREAK) or with as many as eight different break- 
points (GO WITH BREAK). 

Control 

PROMPT 48 can be fully controlled either by the panel 
keyboard and displays, or remotely by a serial channel. 
Thus a teletypewriter or CRT can be used but neither is 
required. ■ ' ■ ■ 

Access 

The PROMPT panel I/O ports and bus connector allow 
easy access to all MCS-48 pins except those reserved 
for coritrq! by the PROMPT system, namely EA external 
accessi SS- Single step, and XI, X2 clock inputs. 

Optional Expansion 

PROMPT 48 may be expanded beyond the resources on 
both the MCS-48 single component computer and the 
PROMPT system. External program and data memory 
may Im interfaoed and input/out ports added with the 
8243 ii^MiSi^ii^-' ib->«^r ■ ■:-i-'^''x r>txj, f^-. 
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Documentation 

The PROMPT 48 manual includes chapters tor the 
reader with little or no programminci experience. Topics 
treated range fronn number systems to microcomputer 
hardware design. A novel, unifying set of tutorial 
^^r^ms — MICROMAPS — sinriplffy microcomputer 



SPECIFICATIONS 

Timing 

Basic Instruction — 2.5 fjs 
Cycle Time — tcY = 2.5 tis 
Clock — 6 MHz ± 0.1% 

IViemory Bytes 

The 8748 contains 64 bytes of reg ster memory, no ex- 
ternal data memory, and 1024 bytes of RAM program 
memory. The PROMPT system provides 256 bytes of ex- 
ternal data memory, and 1024 bytes of RAM program 
memory. PROMPT RAM program memory can be used 
In place of the on-chip EPROM program memory; thus 
programs less than 1024 bytes may be designed. For 
larger programs additional memory can be directly in- 
terfaced to the MCS-48 bus via the PROMPT panel I/O 
porta and bus cortfifctor. , 



Memory Configuration 



Memory 


Maxlmuin 


On Chip 


In PROMPT 48 


Register 
Data 


64 
3328 
4096 


"S^fl'-T'J." 
1024EPROM 



256 
1024 RAM 



I/O Ports 

All MGS^ I/O ports are acc!e«Sl^fi^;i^ the PROIMPf 
panel connector. c-- 

Bus — A true bidirectional 8-bit port with associated 
strobes. If the bidirectional feature is not needed, bus 
can serve as either a statically latched output port or a 
non-latching input port, input and output lines cannot 
be mixed. 

Ports 1 and 2 — Data written'td~lhese 8-bit ports is 
latched and remains unchanged ui|ttl written. As inputs 
these lines are not latching. The Itnea of ports 1 and 2 
are called quasibidlrectlonal. A specif) Output structure 
allows each line of port 1 and half of pott 2 to serve as an 
input, an output, or both. Any mix of Input, output, and 
both lines is allowed. 

TOi T1, and INT — Three pins thsd can ^rve as inputs. TO 
ean be designated as a clock output Input/output can 
be expanded via the PROMPT panel «sonnector with a 
epiclai I/O expander (8243) or standard peripherals. 

Rsset and Interrupts 

Maaat — initializes the PROMPT system and enters the 
monitor. 

MenHor Interrupl — exits a user program gracefully, 
preserving system status and entering the monitor. 



concepts. PROMPT'S handy, pocket-sized reference 
cardlet can be affixed to the mainframe. Programming 
pads aid in the organization and documentation of pro- 
grams. These features, plus a comprehensive design 
library of manuals, articles, and application notes, 
make the Intellec PROMPT 48 Ideal for the newcomer to 
microcomputing. 

:-.e:J O'.l 



User Interrupt — causes an Interrupt only if the 
PRQI^^^|I<I^^ laj^nfilng a user program. , . . 

The pmsemia iraps to location S^g. The MCS-48. timer/- 
event counter is not used by the PROMPT system and is 
available to the user. Either timer flag or internjt>t' wtU 
signal when overflow has o«sSifiiW>^he ttme? iwterrupt 
(»ft)^tt8«^'<i^lV i#tll6i(0«»b'ri3&t^'(r^l itiinM^ 

EPROM Programming 

PROMPT ^ provides a programming socket to directly 
progfara 8748s. Programs are loaded into the PROMPT 
RAM program memory via k^board; KPROM, teletype- 
writer, or other serial int^Pfifi^ /^''fSWNffife interlock 
ensures programming pulses are applied only it the 
device is properly inserted. Inadvertant reprogramming 
is prevented by a read-before-write programming algo- 
rithm. Each location may be individually programmed, 
one byte at a time. ■ . 

Panel I/O Ports and Bus Connectors 

All MCS-48 pins, except five, are accessible on the I/O 
ports and bus connector. The five reserved for PROMPT 
system control are EA external access, SS single step, 
XI, X2 crystal Inputs, and 5V. Due to Internal buffering 
of the MCS-48 bus, access times will be negligibly 
degraded by the PROMPT system. Since MCS-48 pro- 
cessors do not commilihicate internal address gate 
status, bus data must be driven out if neither PSEN nor 
RD is asserted. 



System Devices 

Both user programs and the PROMPT monitor enjoy ac- 
cess to system devices: serial I/O, panel displays, and 
keyboard. These are memory-mapped to program 
memory addresses bey6nd'2k. "' ' ' > 

Serial I/O — The serial I/O port (data 820,6, control 821 
is defined by software and jumpers for 110 baud, 20 mA 
current loop, but can easily be jumpered for other baud 
isates^and RS232C<lmtelSj AsynctMipnous or synchronous 
transmission, data format, cortrroi characters, and par- 
ity can be programmed. 

Panel Displays — Eight display ports (data 810-81 7.,e) 
allow each of the panel displays to be written from user 
programs. Data written on a display device will time out 
after a fixed Interval. Displays must be refreshed on a 
polled or Interrupt-driven basis. User programs can call 
software drivers which provide this capability. 
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Keyboard — Software is used to debounce the panel 
keyboard (data SlOig). Ttie monitor's input routines (see 
Software Drivers) provide this debouncing and can be 
called from user programs. 

Commands ,., 

Single step \ ■ 
With break | Go 
No Jireak J 

{Register | 
Data I Memory, 
Program J • " 
Open previous/clear/isntry Qi Ni^t □ Execute/End 

Functions ^ .' 1 

HI Port 2 map 

B Program EPROM (8748) 

E Search (R, D or P)* memory for 1 byte, optional 
mask 

ij Search (R, D or P) memory for 2 bytes, optional 

mask T. »j!.;,c 

E Hexadecimal calculator +, - 
E 8748 program EPROM for debug 
E Compare EPROM with memory , . , - 
B Move menofyilR, 0(f) ; i-.hjj 
H Access 
iL Breakpoint 

E] Clear memory (R, D or P) 
E Dump memory (R, D or P) 
B Enter (read) memory (R, D or P) 
E Fetch EPROM program memory 

Note ■: 3f 

*R, D. or P is register, data, or program. 

Software Drivers 

Panel Keyboard In — KBIN, KDBIN 

Panel Display Out — DGS6, DGOUT, HXOUT, BLK, 

REFS, ENREF , 

Serial Channel — 01, CO, Rl, PO, CSTS 

Connectors 

Serial I/O — 3M 3462-0001 Flat Crimp/AMP 88106-1 Flat 
Crimp/ Tl H312113 Solder/AMP 1-583485-5 Solder. 



Panel I/O Ports and Bus Connector — 3M 3425 Flat 
Crimp. A complete cable set Including wirewrap header 
for prototyping is included with each PROMPT. 

Equipment Supplied 

PROMI^T 48 mainframe with two MCS-48 processi^rs 
(8748, 8035), display/keyboard, EPROM programtfiV^' 
power supply, cabinet, and ROM-based monitor. 

110 V^C powercabte — — 

110 or 220 VAC 
Fuse 

Panel j/O ports 

Bus connector cable set 

Physical Characteristics 

Height — 5.3 In. (13.5 cm) max ' ^r' ' J — '•J^--' 
Width — 17 in. (43.2 cm) 
Depth — 17 in. (43.2 cm) max 
Weight — 21 lb. (9.6 kg) 

Electrical Characteristics 

Pc- er Requirements — either 115 or 230V AC (±10%) 
may be switch selected on the mainframe. 1.8 amps 
max current (at 125 V AC). 
Frequancji! -ir::47-^ lilZ: 

Environmental Characteristics 
Operating Temperature — 0°C to +40 °C 
Non<Operatlng Temperature — 20*C to '^ 6S*C ' 

Reference Manuals 

9800*2; latklleG PflfflMfti'M.JJlffi^^ 
(SUPPLIED) 
9800270 — MCS-48 User's Manual (SUPPLIED) 
9800255 — MCS-48 and UPI-41 Assembly Language 
Programming Manual (SUPPLIED) 

Reference manuals are shipped with each product only 
if designated SUPPLIED (see above). Manuals may be 
ordered from any Intel sales representative, distributor 
office or from Intel Literature Department, 3065 Bowers 
Avenue, Santa Clara,. California 95051. 



ORDERING INFORMATION 

Parf Number Description. -< ,r, :.\.^., 

PROMPT-48 or intellec PROMPT 48 MCS-48 micro- 

PROMPT^220V computer design aid. Complete with 

' two MCS-48 processors (8748 and 

. i- i a • ■ 8305), EPROM programmer, integral 

- keyboard, dispdastS^JIt^^ystem 

•^eci bnr monitor in ROM! Eyt*"' . ' 

PROMPT-SER Serial cable fbr'giSi^Sifng PROMPT 

' toTTY, CRT - ^ v ee 

■ . ' 'isq .'■•■') io 

.■ ■ :iv ■'••v.- F.tBl 

■ =■- ■■ - i&intin! 

-L li; 



"•■■It ns' : 



I'Tif ,: :riti;: ;L;qf1i to xirr vrb :■ 



r'- le W. ■ -■ \\ J^O.-TiEf; 
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ICE-49 

MCS-48 IN-CIRCUIT EMULATOR 

Emulates 8049, 8048, 8748, 8039, 8035, and 802f * Ulcrocompufn 



Extends Intellec microcomputer develop- 
ment system debug power to user con- 
figured system via external cable and 
40-pin plug, replacing system MCS-48 
device 

Emulates user system MCS-48 device in 
real time 

Shares static RAM memory with user 
system for program debug 

Provides hardware comparators for user 
designated break conditiisiis 



Eliminates need for extraneous debug- 
ging tools residing in user syMem 

Collects bus, register, and MCS-48 
status information on instructions 
emulated 

Provides capability to examine and alter 
MCS-48 registers, memory, and flag 
values, and to exetnfne pin and port 

values ' ' 

Integrates hardware and software efforts 
early to save development time 



The ICE-49 MCS-48 In-Circiilt Emulator module is an Intelleo-nistdent module that Interfacea with any MCS-48 system. 
The MCS-48 family consists of the 8049, 8048, 8748, 8039, 80^, and 8021 microcomputers. The ICE49 module Intisr- 
faces with an MCS-4S system through a cable terminatlTit Ih an MCS-48 pin-compatible plui) whM replaces the 
MCS-48 device in the sytem. With the lCE-49 plug In place, ttte designer has the capability to exseate the system in- 
real time while collecting up to 255 instruction cycles of real-time trace data. In addition, he can single step the system 
program to monitor more closely the program logic during execution. Static RAM memory is available through the 
ICE-49 module to emulate MCS-48 program and data memory. The designer can display and alter the contents of data 
and replacement RAM control memory, Internal MCS-48 registers and flags and I/O ports. Powerful debug capability Is 
extended into the MCS-48 system while ICE-49 debug hardware and software remain inside the intellec system. Sym- 
bolic reference capability allows the designer to use meaningful symbols rather than absoiute yrtua a w t ien examining 
and modifying memory, registers, flags, and i/0 ports in this system. ' 

*EM1 emulator board Is also required. - - - 

J . ■■ I - - .-: - 



I 
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FUNCTIONAL DESCRIPTION 

Debug Capability Inside User System 

The ICE-49 module provides the user" with the ability to 
debug a full prototype or production system without 
Introducing extraneous hardware or software test tools. 
The module connects to the user system through the 
socket provided for the MCS-48 device in the user 
system. Intellec memory is used for the execution of the 
ICE-49 software. The Intellec console and file handling 
capabilities provide the designer with the ability to com- 
municate with the ICE-49 module and display infornna- 
tion on the operation of the prototype system. The 
ICE-49 module block diagram is sfiown In Figure 1. 

Batch Testing 

In conjunction with the ISIS-II diskette operating 
system, the ICE-49 module can run extensive systern 
diagnostics without operator intervention. The designer 
or test engineer can define a complete diagnostic exer- 
cise, which is stored in a file on the diskette. When acti- 
vated with an ISIS-II submit command, this tile can 
instruct the ICE-49 module to exescute the diagnostic 
routine and store the results in another file on the 
diskette. Results are available to the designer at his con- 
venience. In this way, routine diagnostics and long term 
testing may be done without tying up. valuable man- 



Integrated Hardware/Software DeVeldpinent 

The user prototype need consist of no more than an 
MCS-48 socket and timing logic to begin integration of 
software and hardware development efforts. Through 
the ICE-49 module mapping capabilities, Intellec system 
resources can be accessed to replace prototype mem- 
ory. Hardware designs can be tested using the system 
software to drive the final product. Thus, the system in- 
tegration phase, which can be costly when attempting 
to mesh completed hardware ^nd software product, 
becomes a convenient two-wky,<jobug tool, when. begwfi 
early in th$ design cycle. : . . . 



ly m trie design cycle. 



Real-Time Trace 

The ICE-49 module. captures trace information while the 
designer is executing programs in real time. The instruc- 
tions executed, program counter, port values for bus 0, 
port 1 and port 2, and the values of selected MCS-48 
status lines are stored for the last 255 instruction cycles 
executed. When retrieved for display, code is disassem- 
bled for user convenience. This provides data for deter- 
mining how the user system was reacting prior to emu- 
lation break, and is available whether the break was user 
initiated or the result of an error condition. For more 
detailed information on the actions of internal registers, 
flags, or other system operations, the user may operate 
. in single or multiple step sequences tailored to system 
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Figure 1. ICE-49 Module Block Diagram 
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Memory Mapping 

The 8049, 8746 and 8048 contain Internal program and 
data memory. Both program and data memory can be 
expanded uisingi external memory dewlces. 

Internal Memory — When the MCS-48 microcomputer is 
replaced by the ICE-49 soci<et In a system, the iCE-49 
jmiMtili supplies static RAM memory as a replacement 
fdf®tfre Internal microcomputer rriemory. The ICE-49 
module has enough RAM memory available to emulate 
up to the total 4K control memory xapsbMlty of the sys- 
itevn.; Jf\e ICE-49 module also provides for up to 384 
bytes of data memory. 

External Memory — The ICE-49 module separates 
replacement control memory into sixteen 256-byte 
blocks. Replacement external data memory consists of 
one 256-byte block. Each block of memory can be de- 
fined separately as supplied by the user system or sup- 
plied by the ICE-49 module. The user may assign ICE-49 
equivalent memory to take the place of external memory 
not yet supplied in his system. 

Symbolic Debugging 

ICE-49 software provides symbolic definition of all 
MCS-48 registers, flags, and selected MCS-48 pins. 
Symbolically defined pseudo registers provide access 
to the sense of MCS-48 flip flops which enable time, 
counter, interrupt, and flag-O/flag-1 options. In addition, 
the user may reference locations in program and data 
memory, or their contents, symbolically. The user sym- 
bol table generated along with the object file during a 
prbgram assembly may be loaded to Irrtellec memory for 
access during emulation. The user is'^rtcouraged to add 
|to this symbol table any additional symbolic values for 
'mem^ .addresses, constants, oi^v^iSbles he may find 
useful during. system tIebugging.-SyrtKtols may be sub- 
stituted for numeric values in any of the ICE-49 com- 
mands. Symbolic reference Is a gi^i M^vantage to the 
system designer. Me Is no longer burdened' with the 
need to recall or look up those addresses of key loca- 
tions in his program that can change with each assem- 
bly. Meaningful symbols from his souB}©;jgirogram may 
be used instead. For example, the command; 

GO FROM .START TILL XDATA. RSLTAfVRITTEN 

begins execution of the program at ttie address refer- 
enced by the label START in the designers assembly 
program. A breakpoint is set to occur the first time the 
microprocessor writes to the external data memory 
location referenced by RSLT. The designer does not 
have to be concerned with the physical locations of 
START and RSLT. The ICE-49 software driver supplies 
them automatically from information stored in the 
symbol table. 

Hardware 

The ICE-49 module is a microcomputer system utilizing 
Intel's 8049 or 8048/8748 microcomputer aisiits nucleus. 
The 8049 provides the 8049, 8039 erftulati&n oharacter- 
tmes. The S048/S748 provides the 8748/8048/8035/8021 
ewiulation characteristics. The ICE-49 module uses an 



Intel 8080 to communicate with the Intellec host pro- 
cessor via a common memory space. The 8080 also con- 
trols an internal ICE-49 bus tor intramodule communica- 
tion. ICE-49 hardware consists of two PC boards, the 
controller board, and the emulator board, all of which 
reside in the Intellec chassis. A cable Interfaces the 
ICE-49 boards to the MCS-48 system. The cable ter- 
minates in a MCS-48 pin compatible plug which 
replaces any MCS-48 device in the user system. The 
ICE-49 module block diagram Is stjgv^ri jn F,ij|ure,|1,,,,.j. 

Reai-Time Trace 

Trace Buffer — While the ICE-49 module is executing 
the user program, it is monitoring port, program 
counter, data, and status lines. Values for each instruc- 
tion cycle executed are stored in a 255x 44 real-time 
RAM trace buffer. A resetable timer resident on the con- 
troller board counts instru^idh cyeles. 

Controlier Board -n, d maa 

The ICE-49 module talks to the Intellec system as a 
peripheral device. The controller board receives com- 
mands from the intellec system and responds through 
the parameter block. Three 15-bit hardware breakpoint 
registers are available for loading by the user. While in 
emulation mode, a hardware comparator is constantly 
monitoring address and status lines for a match to ter- 
minate an emulation. The breakpoint registers provide a 
signal when a match Is detected. The user may disable 
the emulation break capability and use the signal to syn- 
chronize other debug tools. The controller board returns 
real-time trace data, MCS-48 register, flag, and pin 
values, and ICE-49 status information, to a control block 
in the Intellec system when emulation is terminated. 
This Information is available to the user through the 
ICE-49 Interrogation commands. Error conditions, when 
present, are automatically displayed on the Intellec 
system console. The controller board also contains 
static RAM memory, which can be used to emulate 
S5CS-48 program and data memory in real time. 4K of 
memory Is available in sixteen 256-byte pages to emu- 
late MCS-48 PROM or PROM program memory. A 256- 
byte page of data memory Is available to access in place 
of MCS-48 external' data- memory. -The controller board 
address map directs the ICE-49 module to access either 
replacement ICE-49 memory or actual user systerri ex- 
ternal memory m 256-bytfe"'segments based on Inforrha- 
tion provided by the user. 

Emulator Board 

The emulator board contains the 8049* and peripheral 
logic required to emulate the MCS-48 |he user 

system. A software selectable 6 MHz or 3 MHz clock 
drives the emulated MCS-48 device. This clock can be 
disabled and replaced with a user supplied TTL clock in 
the user system. ■. - - , 

"Use 8048 witti internal monitor prograrji when, ©njUifeltn'g 874^/8048/ 
8035/8021. -. ' <. < T ! if- fpi l"' , . J . 
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The cabt» card is included for caMtJMvtng. it transmits 
address and data bus information-^ the user system 
Ihnough a 40-pin corrnector wlilcli ^tige lnto tiie user 
system In tlie socket designed for#isiMCS-48 device. 



Software 

The ICE-49 software driver is a RAM-based program 
which provides the user with an easy to use command 
language (see Table 1, Table 2, and Table 3) for defining 
breal<|$oints, initiating real-time emulation or single step 
operation, and Interrogating and altering user system 
status recorded during emuiationiKXh»l@E-49 command 
language conilAnsia broad rangdioMnodifiers to provide 
tl«e. «Mer with^aximum flexibility MxlefMng the opera- 
tion to be perfornted. The iCE49 ^software driver Is 
available on disi<ette and operates In 32K of Intellec 
RAM memory. 



Command 



Enable 



Step 



Interrupt 



Operat on 



Activates breakpoint and display regis- 
ters for use with '%S: sfiti step com- 
mands. 

Initiates real-time emulation and allows 
user to specify breal<points and data 
retrieval. 

Initiates emulation in single instruction 
increments. Each step Is followed by 
register dump. User may^ optionally 
tailor other diagnostl^jiwpylty to his 
needs. - 'f;,;^, 

Spwiates user syst^mitti^^rrupt. 



Command 


Operation 




Prints contents of memory, MCS-48 
device registers, I/O ports, flags, pins, 
real-time trace data, symbol table, or 
other diagnostic data on list device. 


Change 


Alters contents of memory, register, 
output port, or flag. Sets or alters break- 
points and display registers. 


Map 


Defines memory status. 




Establishel$lliodl» of display for output 
data. 


Suffix 


Establishes mode of display Input data< 



f^gl^l. |CE-4d InivnxtgatiQfi Conimands 



Command 



Load 

Save 

Define 

Move 

List 
Exit 

Evaluate 



Remove 
Reset 



Operation 



Fetches user symbol table and object 

code from Input device. 

Sends user symbol' table and obiect 

code to output device. 

Enters symbol name and value to user 

symbol table. 

Moves block of memory data' to another 
area of tttemory. 

Defines list device. 

Returns program control to ISIS-II. 

Converts expression to equivalent 

values in binary, octal, decimal, and 

hex. 

Deletes symbols from symbol table. 
Reinitializes ICE-49 hardware. 



Table 1. ICE49 Em:ulatlon Commiinjls 



Table 3. ICE-49 Utility Commands 



SPECIFICATIONS 

ICE-49 Operating Environment 
Required Hardware 

Intellec microcomputer development system 

System console 

Intellec diskette operating system 

ICE-49 Module atlM<a ■ 

Requlrad Softwara 

System morrttor 

ISIS-II 

Equipment Supplied 

Printed circuit boards (control board, emulator board) 

Interface cables and buffer module 

ICE-49 software, diskette-based version (single density 

or double density) 

8048 with Internal monitor program 



System Clocit 

Crystal controlled 6.0 Ml-iz internal, 3.0 MIHz internal or 
user supplied TTL external: software selectable. 



Pliysical Cliaracteristics 

width — 12.00 In. (30.48 cm) 

Height — 6.75 In. (17.15 cm) 

Depth — 0.50 In. (1.27 cm) '.' .^.yt 

Weight -8.00 lb. (3.64 Kg) j " : ,) k. 

Electrical Ciiaracterlsttes 
DC Power Requirements 

Vcc = ■t-5V ±5% 

Ice = lOA max; 7.0A typ - u o-,, 

Vdo = + 12V ±5% ( , 

loo = 79 mA max; 45 mA typ e^iL v >i , -^i-Ob 
Vbb=-10V±5% vj'- 
Ibb = 20 mAreaKi • ■< 
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EM1 

8021 EMULATION BOARD 



EPROM functional equivalcmt of 8021 — 
single component 8-bit microcomputer 

Based on 8748 — user programmable/ 
erasable EPROM 8-bit computer 

Operates with ICE-49™ module to provide 
Mtn'OircuIt debuggfnig of 8021 prototype 
system 



Connects to prototype systeifn.J%)Oj||p,t ^ 
8021 pin compatible plug 



Po^ble 4" X 7" iiirt)#aedmpul«r ilv^ 



asser 



5JTT 



TN ,EM-1 enwliatoi; iiapard Is a 'res|ciy-%Mse 4"x7" microcotjipubsr: fir^uit^as^mbly/tl^ aimMM^ 
microeompufer. A 12-inch flat-cable assiefnbly connects the board totligiWS|j»>@H#y;haf)!Oiofype $ysism.^ 
is eloigned so that It can be mounted either as a stand-alone untt, or wllhthihe prsMype assembly. 

The 8021 microcomputer has 1Kx 8 mask-programmable ROM program memory and 64 by 8 RAM data memory. The 
EMI Is controlled by an Intel 8748, with IK of EPROM program memory and a 64 byte data memory. The EPROM can be 
programmed and erased repeatedly during hardware and software development. The EMI has several ancillary ctfcults 
that perform the following functions which are specific to the 8021: 

Zero crossing detector 
"~ , Crystal controlled clock/buffer 
J.. 1 Porto simulator 

For prototype debugging, the 8748 ca<i^ removed from its socket and replaced with a cable to,an ICE-49 module. 
When used with fhe EMI, ICE-49 module emulates the 8021 In real-time, or single-steps t^e 8021 program at the user's 
command. A full range of capablUtias'^-forvexamining and' i!riQda ;IM"iiWwtJM tfry' mS itatus are supplied throueh 
ICE-49 module. - juMig|-^ 
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emulation. 
PO Simulator <lfi/- 

Port of the 8021 is a quasl'-bldlrectlonal port The PO 
simulator converts the data bus of the 87;4S Into a quasi- 
bidlrectlonal port. 

Crystal Control Clock Buffer 

The EM1 allows user to select an on-board oscillator or a 
TTL clock driven from the 8021 user's prototype system 
via a Cambion Suitcase Jumper. 



Jumper 

,W1 



Position 

A — B 

C— D 



State 

'■\ QivBoard 
External 

TTL Clock 



*A bidirectional port which serves as an input port, out- 
put port, or both even though oiMfatS'are statically 
latched. 



"^■^^M mput to detect zero-crossings. The circuitry provides 
''^ It high level signal on a positive crossing and a low level 
^ 9l^^;^#"qeg|rt^«||^is8lng of zero to the T1 Input of 

Reset Buffer 

The 8021 resets on a logic HIGH level signal. However, 
the 8748 resets on a logic LOW level, thus an inverter Is 
provided on the EM1 to make the two cl]iips compatible^ 

Optional Pull<tl|M 

Resistors are provided to simulate the optional puli-up 
rBa(itD18#n T1 input and Port of the 8021 . A removable 
!r(|^ls u^/}pg;M^^TheT1 in^utpull up can 



Btailed by sobering 



DK resistor. 



Software 

When emulating the 8021 with EMI, tWe usea^milsl 
observe the 8021 instruction set. - >v 



40 
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SPECIFICATIONS 
Operating Environment 

Stand-Alone 

Required Hardware: 
EM1 emulation board 

In-Circuit Emulation 
Required Hardware: 
EMI emulation board 

Intellec Microcomputer Development System con- 
figurated with ICE-49 module . . , 

Equipment Supplied 

EM1 printed circuit board 

12" long flat cable terminating in 28-pin plug, pin com- 
patible with 8021 

EM1 Operator's Manual 



1 ■. . • 

System Clocl( 

Crystal controlled 3.0 MHz on board or user supplied 
TTL external clock: hardware Jumper selectable. 

Physical Cliaracteristies 

Width: 7.0 in (17.78 cm) 

Height: 4.0 in. (10.16 cm) 

Depth: 0.75 in. (1.91 cm) 

Weights k: 1.0 «»i»((fe4S1t{|) - , 

Electrical Cliaracteristies ' " " ' 

VccSVifcSSi- - niq •- ; 

Environmental Characteristics 

Operating Temperature: — 55"C 

Operating Humidity: up to 95%' relative humidity 
without CQitflen^len ' 



©RBERING INFORMATION 

PARTNUMBER; Daaeription i 

M0S-1M1 8021 Emulation Board ..c;. . 
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EM2 

8022 EMULATION BOARD 



Portable 4.25" x 2.75" miciocomputer Provides Intel® 8755A — 2K x 8 EPROM 

drcuit assembly ^ ' V'' '^;: : 

Connects directly into prototype system EPROM functional and electrical 
through Intel® 8022* pin compatible equivalent of Intel® 8022 — single 

socket component 8-bit computei^cvjij j , > i 

" i ■ ' <;i - >.' q 

The EM2 emulator board is a ready-to-us'6 4.25" x 2.75' microcomputer circuit assenibly thafeiTialates-the lntei*'B022 
single chip microcomputer. The emulator board Is designed to plug directly into the 8022 soclcet. No tnfe'rfacifi^ eind 

Interconnection cables are necessary. Power is obtained from the user's system. 

The EM2 emulator board provides the user a full EPROM functional and electrical equivalent of the 8022 single compo- 
nent 8-bit microcomputer. 

The EM2 emulator board consists of an Intel® 8022 emulator chip and . an Intel® 8755A, providing the EM2 emulator 
board with a 2K x 8 EPROM program memory which can be progtsnM^ and eras^i «ep»ite#iyflurjn^liiardw(UF«>9Rd 
software development. 

The 8022E emulator chip is a modllled version of the 8022 intended for use in design support systems. Instead'df 
using resident ROM memory as the d&22, the 8022E uses an external 2K E^,(^|ll ^^f^xnfMTiQ'y ;for prograrpig^^pe^ 
allowing easy program modification. 

'See Intel* 8022 Data Sheet. 
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AOmtt SOCKET CONFIGURATION 



EM2 BLOCK DIAGRAM 
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M22 EMULATOR CHIP 



64 WORDS DATA 
MEMORY 



TWO CHANNEL 
a-BIT AID 
CONVERTER 



2048 
EPROM 
MEMORY 



n PIN1 

SOUARE SOLDER PAD 



PIN DESCRIPTION 



Desig- 
nation 



Pln« 



Funetiori 



Desig- 
nation 



Pin # 



Function 



Vss 20 Circuit GND potential. 

Vcc 40 + 5V circuit power supply. 

PROG 37 Output strobe for Intel® 8243 i/0 ex- 
pander. 

P00-P07 10-17 8-bit open-drain port witti comparator 
Port inputs. The switching threshold is set 

externally by Vjh- Optional pull-up re- 
sistors may be added via ROM mask 
selection. (The emulator board has 
switch selectiori'of this option.) 

VjH 9 Port threshold reference pin. 

P10-P17 25-32 8-bit quasi-bidirectional port. 
Porti 

P20-P27 33-36 8-bit quasi-bidlrecttonai port. 

Port 2 38-39 P20-P23 also serve as a 4-blt I/O ex- 

1-2 pander for Intel® 8243. 

TO 8 Interrupt input and input pin testable 

using the conditional transfer instruc- 
tions JTO and JNTO. Initiates an inter- 
rupt following a low level input if inter- 
rupt Is enabled. Interrupt is disabled 
after a reset. 

T1 19 Input pin testable using the JT1 and 

JNT1 conditional transfer instructions. 
Can be designated the timer/event 
counter Input using the STRT CNT In- 
struction. Also serves as the zero-cross 
detection input to allow zero-crossover 
sensing of slowly moving AC inputs. 
Optional pull-up resistor may be added 
via ROM masl< selection. 



RESET 24 Input used to initialize the processor 
by clearing status flip-flops and setting 
the ^(^1^ counter to zero. 

AVgs 7 A/D converter GND potential. Also 
establishes the lower limit of the con- 
version range. 

AVoc 3 A/0 p@wer supply. 

iSubstrate pin used with a bypass capa- 
citor to stabilize the substrate voltage 
and improve A/D accuracy. 

4 MO converter reference voltage. Estab- 
lishes the upper limit of the conv«ttbMi 
range. 

6,5 Analog inputs to AID converter. Soft- 
ware selectable orHship tda SS^^MI? 
and SEL ANf InstrVctldlW'" ' 



SUBST 11 



Varef 



ANO, 
AN1 



ALE 



XTAL1 



XTAI^ 



18 Address Latch Enable. Signal occur- 
ring once every 30 input input cloclcs 
(once every single cycle instruction), 
uSffil is iii output clock. 

22 One side of crystal, inductor, or re- 
sistor Input for internal oscillator. Also 
Input for external frequency source. 
(Not TTL compatible.) 

23 Other side of timing control element. 
This pin is not connected when an ex- 
ternal frequency source is used. 
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On the EM2 Board: 



The Intel* 8755A EPROM can be programmed using any 
of the modules listed in Table 1. 



Module 


Descriptton 


UPP-103 
PtoMPT-48 

PROMPT-80/85 


Universal PROM Programmer. 
Requires UPP-955, which in- 
cludes 8755A Personality Card 
with 40-pin adapter socket. 

Intellec* MCS-48- Microcom- 
puter Design Aid. Requires 
PROMPT-475 Programming 

Adapter. 

intellec® 8080/8085 Microcom- 
puter Design Aid. Requires 
PROMPT-975 Programming 
Adapter. 



Table 1. 875SA Proramming Module 



The 8755A EPROM is erased when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). Sunlight and certain fluorescent lamps have 
wavelengths in the 3000A to 4000A range. If the 8755A is 
to be exposed to sunlight or room fluorescent lighting 
for extended periods, then opaque labels should be 
placed over the window to prevent unintentjp^nal 
erasure. . j^- ,^ 



The recommended erasure procedure is exposure to 
ultraviolet light which has a wavelength of 2537 A. The 
integrated dose (UV intensity multiplied by exposure 
time) for erasure should be a minimum of 15W-sec/cm. 
The erasure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with a 12,000/j 
W/em^ power rating. Place ttie 8755A within one inch of 
the lamp during erasure. Some lamps include a filter 
which should be removed before erasure. 



SPECIFICATIONS 

Operating Environment 

Intel® 8755A EPROM Programming ■' 

UPP-103 

PROMPT-48 p 
RR6mRT-80/85 ...^js 

Intellec Microcomputer Dev^iojiment System 

Software - '■ u A 

8048 Assembler 

ISIS-1 1 Diskette Opemtirtg System 

Equipment Supplied . ^ ^ 

EM2 Printed Circuit Board 
EM2 Referenoe Manual 



Physical Characteristics 

Width: 2.75 in. (6.98 cm) 
Height: 4.25 in. (10.79 cm) 
Depth: 1.5 in. (3.81 cm) - - 
Weight: 0.5 lb (0;23.k^ ■.' -? 



Electrical Characteristics 

DC Power 

Vcc = 5V ±5% 

Ice = 300 (maximum) :i. ' 

Environmental Characteristics 

Operating Temperature — to 55°C 

Operating hlumidity — Up to 95% relative humidity 
without (condensation 



ORDEIUNG INFORMATJ0M 

^emliiluiii^^ Qescriptjciti^'^^I 

M!©S.EM2 8022 Emulation Beard 
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